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Summary
This thesis is essentially divided into two parts, one theoretical 
(Chapters I and 2) and the other experimental (Chapters 3 -  5). A 
supplement to this thesis includes a listing of all structure factors.
The first part (of the thesis) deals with the theory of X-ray  
diffraction and with various methods for the determination of structures 
and their refinement. O f these methods, direct methods have been 
extensively applied in the study of twelve organic molecules and 
therefore its theoretical basis is described in more detail (Chapter 2).
Chapter 3 reports the crystal and molecular structures of two 
sulphur-nitrogen ylides and of five of their reaction products with 
electrophilic acetylenes, the reaction products themselves (betaines) 
having been described as possessing ylide-like skeletons.
These investigations were undertaken because the compounds were 
of chemical interest and because there seemed to be a complete lack
I 2 + -of X-ray structural information on N-arylsulphilimines(R R S -  NAr) and 
their corresponding sulphur betaines (N-arylsulphilimines + electrophilic
acetylene ^►betaine) while their phosphorus analogues have been
long known and investigated. It was also felt that in view of the 
structural information (from X-ray studies) on N-acylsulphilimines 
(R^ R^ S - N  COR^) and N-sulphonylsulphilimines (R^ R^ S -  N SC^R^) the 
structural studies on N-arylsulphilimines could be of comparative value.
The X-ray analyses revealed unhindered geometries for the sulphilimines 
whereby the N-S bonding systems are almost coplanar with the aromatic
rings. The nitrogen atoms are probably sp hybridized and the N-S
o o
bonds were found to be 1.622 (2) A and 1.640 (4) A (for the two ylides),
thus being similar (within experimental error) to the lengths found for
N-sulphonylsulphilimines 1.628 (2) A and significantly below the 
o
length of 1.670 (2) A given for N-acyisulphilimines.
For the sulphur betaines, steric strain which causes conformational
distortions has been observed in all five structures. The bond angles
2 2were found to be influenced by this effect while only one C(sp ) -  C(sp )
bond length appeared to be influenced appreciably by this effect 
o o
(1.520 A -  1.549 A ) .
A 'through conjugation' effect was also observed.
The structures of a related arsenic betaine and of a C-nitroso-imine-
N-oxide are reported in Chapter 4. Interesting conformational distortion
2originating from the As . . .  O interactions, and a shortened As -  C(sp )
°  "I
e .g . 1.835 (5) A are observed for the arsenic ylide.
The C-nitroso-imine-N-oxide reveals a planar geometry of the 
central framework of the molecule which is almost perpendicular to the 
two aromatic systems. A transoid arrangement of the -N  = C -  N = O  
group of atoms is also observed.
The structural analyses of two new diterpenoids and a tetranortriterpenoid 
spiro-lactone are reported in Chapter 5. The novel feature of a fully 
substituted cresol ring system was shown to exist in one of the diterpenoids 
while in the other the unique feature of a seven-me mbe red hemiacetal
•  • •-  in -
bond len
t
ring B has been established.
The tetranortriterpenoid was shown to possess a 8 -lactone ring 
system and a cyclic ether in which the oxygen is attached to two 
secondary carbon atoms.
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CHAPTER I
BASIC CONCEPTS IN  CRYSTALLOGRAPHY
1.1 The Symmetry of Direct Space Lattices 
Th ree dimensional patterns
Crystals are three-dimensional patterns and must obey the laws of 
symmetry which govern three-dimensional patterns of any kind.
If we have a repeated pattern in space such as the distribution 
of atoms in a crystal, we can relate to it a three-dimensional lattice 
of points (the so called 'unit structures') which defines the repetition 
characteristics without reference to the details of the repeated motif/ 
unit structure.
Point groups
A general rotation of vector r around a unit vector k (k || Z axis 
in a cartesian system) by an angle of a in the positive direction 
(conventionally counter clockwise) will result in a new vector r 1 which 
will be given by the expression:
r ‘ = k(k* r)(I -  cos a: ) + r cos a + (k x r) sin a 
where r' = C (a )r
and C (a ) = the transformation matrix given by^
( cos« -sin asin a cos a
0 0
Restricting r and r' to be lattice vectors and C(ct) to be a symmetry
2
operation matrix, will result in the trace of the matrix being an integer , 
hence Trace C(<*) = 1 + 2  cos a = -  integer and the five permissible 
rotations constitute five monaxial point groups, 1,2 ,3 ,4 ,6 (C j, C2 , C^,
-  2 -
C4 , -  in the Schoenflies symbolism).
Introducing the symmetry operation I ,  will result in five new
-  2 -  4 6
centrosymmetric point groups I ,  — , 3 , — and — (C ., S ft '
C4h ' C6h)-
Looking for a third axis when two rotational symmetry operations 
are assumed to be permissible will result in the generation of additional 
six point groups as follows:
G and C are the two permissible operations, 
m n
If r is a lattice vector then
r = C r n n
r = C C r  = C. r nm m n k
and r is a lattice vector too.nm
2TC,The trace of = 1 + 2  cos( -£—) = integer, J , and in terms of
the variable j$, it can be shown to have the expression of:
2
Trace = A cos 0  + B cos jZf + C = integer, I ,  where:
A
B
C
= cos 2T£ , 2TL , 2TL 2TE x . .(— - ) .  cos( — ) -  c o s (— ) -  cos( — ) +  I n m n m
0 . . 2TC* . , 2TL  
“2 s in ( — ) • S ln ( — ) n m
,  2 T t N , 2TC , ^  , 2TC, , 2 T t  x
c o s (— ——) c o s (  ) +  cos( — —j  +  COS1 — — jn m n m
-  3 -
As an example, assuming n = m = 2  will cause A , B and C to
2be equal to 4 , 0 and -I respectively and hence Trace = 4 cos 0 - 1  = I ,  
this last result could be summarized as follows:
1 -1 0 1 2 3
2 „ cos jo 0 1/4 1/2 3 /4 1
0 90 60 45 30 0
2TX. 
cosl — ) -1 - 1/2 0 1/2 1
k 2 3 4 6 1
It can be seen that if the angle 0  between the two permissible
axes is 0  = 90°, this wil 1 produce a third permissible rotation axis C. , k
where k = 2 (C2) which can be shown to be perpendicular to the other 
two. This will constitute the 222 point group (D2). In a similar way 
one can get the point groups 32, 42, 62 (D^, D^, D^), and the point 
groups 23, 43 (T, 0) when instead of n = m = 2 , one chooses n = 2 
and m = 3. Adding I to each of the last 6 point groups will introduce 
another new 6 centrosymmetric point groups, mmm, 6 m, 4/mmm, 6/mmm,
m3, m3m ( ^ h '  ^ 3h ' ^4h' ^ 6h' ^h' V *  r6S* ^  P°‘n*
groups can be evaluated as subgroups of the groups shown up till now
( i.e .  m = from C2  ^ and mm = C2v from D2  ^ e tc .) , and all together 
32 point groups will be produced.
-  4 -
Restrictions imposed on the lattice structure by the symmetry
If a Crystal has an n-fold axis, then a prominent row of lattice 
points will be associated with this direction and a prominent lattice plane 
will be found perpendicular to the axis of rotation. Similarly, if the 
lattice possesses a symmetry plane, m, a lattice plane parallel to m 
and a lattice row perpendicular to it will be found. These correlations 
between symmetry and structure are the 'guide lines' for choosing a unit 
ce ll, since it will be chosen in such a way as to coincide with the 
symmetry restrictions of the lattice.
A number of point groups which define a unit ce ll, constitutes a 
Crystal I ographic System. It can be shown that few types of unit cells 
are possible for each crystallographic system, and there are 14 possibilities 
altogether -  the so called 14 Bravais lattices.
Space symmetry and space groups
Space symmetry can be defined as a geometrical connection between 
equivalent points, expressed by a pure symmetry operation and a translation. 
Hence a space symmetry operation can be written as (P/t ) = (P/Uj| + Ul)/ 
where P is the 'pure' symmetry operation, t the translation vector, Uj| 
and Uj—the vector components of t ,  parallel to P and perpendicular to P.
Looking at a permissible space symmetry operation as for example 
(C “a + /Sb + 7 c), where 0 <C <C I ,  the perpendicular
components to C2 , chosen as « a + r  c , can be ignored £ since it 
is possible to translate the pure symmetry operation by a a + T c )
-  5 -
As ( ^ V  P b) {C^ /  P b) = (e /2  /3 b) (E = identity operation),
2 P b is a lattice vector and hence P = 0 , 1/ 2 . This constitutes the
£
possible screw axis C ^ /  j  (= 2 j). In the general case of an n-fold 
axis symmetry operation with translation, the possible screw axes will 
be defined as n ^ , where k = I ,  2 , . . . ,  n -l.
The possible existence of glide planes can be shown in the same
way |  ( oV^j = a ), ( o V  \  = c ) and |oV ( \  + j )  = n
A space group constitutes a number of symmetry elements that are 
consistent with an infinitely extended, regularly repeating pattern. All 
the possible combinations of the 32 point groups with the different space 
translations will contain all the possible space groups.
1.2 Intensity from Diffraction of a F in ite /Infinite Three Dimensional Lattice 
Scattering from a unit structure and Laue equations
The wave scattered by a unit structure (in a crystal) relative to the 
wave scattered by a single electron (located at the origin) is given by
a l l  r
where P ( r ) describes the electron density function in the unit structure 
that takes zero values outside it and S and Sq are both wave vectors
representing the direction and magnitude of the scattered and incident
wave correspondingly ( | S | = |S q |^  = l / x  ) .
Since P (r) is a periodic function and can be represented by a
Fourier integral, F(S -  Sq) is the Fourier transform of the electron
density function. The intensity of the wave scattered from the entire
lattice is given by the following expression:
_ i _
F (S-S> J P (r) exp [ 2TCi r(S - Sq)Jdr
-  6 -
2 i _
F(S - F (S -  Sq) Sin^TX N|a(S -S q ). Sin^TENjKS -  Sq) .Sin TC N , c ( S - S q ) 
Sin2TIa(S-  -  Sq) Sin Ttb(S -  S ) Sin Ttc(S_ -  SJ
N | , N2 and are integers relating to the number of the repeating units
in the lattice. The conditions for a diffraction maxima can be seen to 
be when the following equations are simultaneously satisfied:
a.(S ” Sq) = m (integer)
b.(S - S Q) = n (integer)
c * (S “ Sq) = p (integer)
These equations are the so called Laue equations and their solution is 
known to be the reciprocal lattice vector 
H = S -  SQ = 'ha* + kb* + Ic*
where the set of integers m, n, p can be identified with the set of
indices h, k , I. The width of the diffraction maximas and the subsidiary 
peaks depends on the number of unit structures in the lattice, and since
the crystal has a finite size, the reciprocal space points will not
correspond to mathematical points but to smeared out points. This 
finite size effect is bound to have an influence on what is called the 
Lorentz factor.
Bragg's law in direct and reciprocal space 
From the expression for it is possible to see that theF(S -  Sq)
intensity of the scattering from the entire lattice can be looked on as 
proportional to the scattering from one unit structure lying on one of 
the parallel lattice planes to whom the direction of S and Sq corresponds.
-  7 -
In fact the justification for the concept of each diffraction as a
'reflection' of the rays from lattice planes can be found in the proof
3of Bragg's law itself . Bragg's equation states that
2d INsin 0 = n X (hkl)
where 29 is the angle between the incident and scattered ray, d is
the interplanar spacing of a set of parallel lattice planes (hkl) and the
integer n is the order of the reflection. By consfdeining an n order
reflection as a reflection from a set of planes with ijndices nh, nk, n lj
Bragg's equation could be written as 2 d ^ | sin 9 = ^ , where hkl are
the indices of the reflection (in contrast to M iller indices of the lattice
planes). The condition for reflection to occur can be reformulated in
4
terms of the geometrical device known as the reciprcscal lattice , as 
is shown in the two dimensional diagram of Figure L :l. The reciprocal 
lattice has its origin at 0 and any reciprocal point P which lies within 
the boundaries of the limiting sphere can be brought- into a position
2sin 9such that OP = (I/d) = which is in fact Bragg's law.
Direction  of Planes in 
direct crystal lattice
Reflected beam 
direction /
D irect beam
C X  2 / A
' Sphere of 
reflections
L im it ing  sphere
Figure I . I
-  8 -
1.3 Structure Factors and Scattering Factors
The structure factor
An expression for the structure factor can be given in the vector
form as: F(H) = ^  p (r).exp(2Tli r.H)dr
unit cell
This quantity is a function of h ,k ,I and its modulus is called the 
structure amplitude and is defined as the ratio of the amplitude of the 
radiation scattered in the order h, k , I by the contents of one unit ce ll, 
to that scattered by a single electron under the same conditions. The 
non-vector form of the structure factor can be written as
F(hkl) = (x,y,z)exp ^ 2n i(h x  + ky + Iz)J dkdydz
where V is the volume of the unit ce ll, and p (x,yvz) describes the 
overall electron density in the unit cell.
Looking at the distribution of atoms in the unlit ce ll, the super­
position of several atomic electron density functions will give the overall 
electron density function, and F(hkl) will take the form of 
F(hkl) = ]  f. exp £ 2TEi(hx. + ky. + z^ j)J
where f. is the quantity described as the atomic scafrifering factor and 
x ., y ., z. designate the atomic positions in the unlit cell.
Atomic scattering factor
If we consider scattering by an atom where the electronic charge is 
distributed around the nucleus then the wave scattered by the atom
relative to a point electron situated at the atomic centre is given by:
f.(H) = J  Pj (R j)exp [2T l i R..H ]  dR.
atom
-  9 -
where P .(R.) describes the electron density function of the particular 
atom, and R. specifies the location of the electron with respect to its 
associated nucleus.
If we make the assumption that the electron distribution is spherically 
symmetric, then f. becomes a real number and is given by the expression:
 ^ CO
f.(H) = 4 T t/p  (R)R2 SinSR dR
J  SR
o
(S = 411 Sin 0 / x  ) .
. 5
This quantity can be found tabulated for the various atoms
In this thesis the scattering factors for non-hydrogen atoms have 
been calculated from numerical Hartree-Fock wave functions. These 
scattering factors have been fitted to the analytic function,
4 j
f(S) = ^  a^. exp(-b.S ) + c
i =1
whereby S = Sin 9 /x  , and the values for the different coefficients
6awere those supplied by Cromer and Mann (1968) . For hydrogens
6bthe scattering factors used, were those given by Stewart (1965). 
Essentially, the atomic scattering factor depends upon the model chosen 
for P (R), upon Sin 9, as it falls off slowly with increasing 9 , and 
upon X as it falls off as the wavelength of the radiation decreases.
1.4  Corrections to the Measured Intensities 
The Lorentz factor
As was already mentioned, because of the crystal finite size effect, 
the time taken for a point to pass through its reflecting condition varies
-  10 -
with the position of the point and its motion (angular velocity w).
The time taken for a reciprocal lattice point to cut the sphere of
reflection is expressed in proportional terms as
* Gt 1 / £ (w/  M  s'n 29 J hence *
Intensity I/Sin 29 (= Lorentz factor).
Whence H is large (high 9) the vector will pass through the reflection
sphere faster and the intensity of the reflected radiation will be smaller.
Lorentz factor depends on the geometry of the diffraction ^ . For zero
level Weissenberg photographs, rotations and oscillation photographs
and for diffractometer data obtained by the usual 9/w scans the last
expression is valid.
The polarization factor
As the X-ray electromagnetic radiation is reflected by a crystal
plane, one of the electric field components suffers reduction while the
other component does not. This results in the reflected radiation being
partially polarized and the intensity hence being reduced. The correction
for this effect, the polarization factor p, takes the form:
P =  (I +  COS2 2 0 ) / 2 .
If a crystal monochromator is used to obtain monochromatic radiation,
then the expression above might take a form which will include the
Bragg angle for the monochromator.
8The temperature factor
It can be shown that the overall effect of the temperature is to 
reduce the scattering factor of the atom by an amount which increases
-  II -
with the angle. Assuming the thermal vibration to be isotropic 
| f .  j  = fj exp(-2Tt2 u l  | H |2) = f. exp(-B. s i n V \  2)
2 2 th 2where B. = 8 lX U i is the temperature factor of the j atom, Ui_
is the mean square displacement of the atom perpendicular to the
reflecting planes (in the H direction) and f. is the scattering factor
without the thermal motion (0°K ).
2 2If the values of B are the same for each atom then exp(-2B sin 9 /X  ) 
is the factor by which the observed intensity is reduced by the thermal 
vibration and is called the Debye Waller factor. In the case of 
vibrational anisotropy, the temperature factor takes the form of: 
exp f"-2T[2(a*^ Un h2 + b* 2 U ^ k 2 + c* 2 Uggl2 + 2a*b* U|2hk + 2b*c*U2,  kl +
2c*a* U3| lh)J
Absorption of X-rays
When X-rays pass through a crystal the intensity is attenuated by 
absorption. A beam of original intensity 1^  will suffer a reduction which 
will be expressed by the formula:
I = lQ exp(- H 1) 
where I is the length the beam is travelling through and |X is the 
linear absorption coefficient.
To none of the data given in this thesis was absorption correction 
applied.
-  12 -
Primary and secondary extinction
This is a phenomenon of weakening of a primary X-ray beam by 
means of multiple reflections which bring about destructive interferences 
as the beam penetrates further into the crystal.
Primary extinction is significant when the mosaic elements are so 
large that they behave as fragments of perfect crystals and so give a 
smaller integrated intensity. In general, this effect is negligible because 
of the ideally imperfect structure of crystals.
Secondary extinction is the effect of reduction of the intensity 
with depth of penetration of the primary beam due to diversion of some 
of the energy into the reflected beam. It can be thought of as a 
shielding effect which exists at a point in a crystal due to diffraction 
by the layers of crystals above it which are closer to the incident 
X-ray beam. This effect can be reduced to some extent by increasing 
the imperfection of the crystal.
1.5 The Symmetries of the Reciprocal of a Crystal 
The actual symmetry
The symmetry of the reciprocal structure conforms to the point group 
symmetry of the crystal. Therefore a symmetry element (P /t) in the 
direct space where P (r) = P (Pr + t ) will show up as the symmetry 
element without the translation in the reciprocal space, hence, PHj = 
where H | and are both reciprocal lattice vectors.
-  13 -
Relationships among structure factors
Assuming (P/t ) to be a symmetry operation in direct space it can 
be shown that
F(PH) = exp(2]X i f.H) .F(H)
If the space group does not possess any translation element, then the
relationships among the structure factors will be F(PH) — F(H).
Finding a reciprocal lattice vector such that PH = H, will impose the 
exponential term to be equal to unity (in order to observe a reflection). 
It is from this latter condition that the systematic absences of the space 
group could be derived.
9Relationships among the phases of the structure factors 
Assuming the operation (P/t ) to exist,
F(PH) = F(H) exp(27Ti t.H)
j F(PH) = F(H)
F(PH) = F(PH) exp [  i J2((PH)]
F(H) | e x p [ i  jZf(PH)]
F(H) exp(2 lli t.H) = I F(H) exp [  i 0(PH) ]
F(H) = F(H) | exp |  )2f(PH) -  2TCt.
J2f(H) = jZt(PH) -  2 TI T.H
Hence, once the phases of one vector H are known, the phases of all
the symmetrical vectors are known too.
An application of the formula derived, to the case of space group
P2|2|2| will produce the following phase relationships:
J2f(hkl) = ^(hkl) + TU(h + k) = -J2f(hkl) + TX(k+ |)-= -#(hkl) + n (h  t I)
-  14 -
CHAPTER 2 
STRUCTURE DETERMINATION
-  15 -
2.1 The Phase Problem
The Fourier transform of F(H) produces the electron density function 
P(r) = J F(H) exp(-2fU i r.H) dH
reciprocal
space
and hence it can be shown that
P (* ,y /z )  = y  I  Y. £  F(hkl) exp [  -2 TI i(hx + ky + Iz) ]
h k. I
Assuming that Friedel'slaw holds, the electron density function takes the
following form without the complex quantity,
p (x /Y/z) = i  £  X  X  | cos [  2]Ti(hx + ky + Iz) - 0 (hkl)]
h k I
where h , k , I include the two fragments of indices hkl and hkl.
The fact that the Fourier series cannot be calculated directly from 
the experimental data, but, only the magnitudes F(H) are directly 
derivable £ not the phases J2f(hkl) J gives rise to the so called phase 
problem. That this problem is in principle solvable is realized from the 
expression for the structure factor:
F(H) exp i 0(H)
N
^   ^ f. exp(2TCi r.H ).
1 - .Since a large number n of vectors H is considered and if the real
and the imaginary parts are equated, this results in a system of 2n
equations. The unknowns constitute the 3N components of the vectors
r .  and n phases 0 (hkl).
I
In general it can be said that the number of equations 2n exceeds 
by far the number of unknowns n + 3 N , so the phase problem is greatly 
overdetermined and theoretically solvable.
-  16 -
2.2  The Different Phasing Techniques
The Patterson function
Patterson (1934) introduced the Fourier series known as the Patterson 
function.
P(u,v,w) = ^  ^   ^ F(hkl) 2 exp £-2 JX i(hu + kv + lw )j
the maxima of which represent the interatomic vectors in the structure.
Assuming the summation of the series to be over all h ,k ,l and 
Friedel's law to hold will result in a centrosymmetric expression for the 
Patterson function
P(u,v,w) = w ^  > F(hkl) 2 cos 2 IT (hu + kv + Iw).
h X l
It is by means of the convolution theory that the Patterson function 
relates to the structure of the unit cell and it can be shown that the 
Patterson function is the convolution of the electron density function 
P (x ,y ,z ) and its centrosymmetric image p ( -x , -y , -z) scaled by V 
the unit cell volume. Hence
PM = V [  P (r") * p (-r") ]  = V f  p (r") P (v + r") d r"
all r
The analysis of the function is generally difficult due to the lack 
2
of resolution of the N -  N interatomic vectors. However In the case 
that the structure possesses only few heavy atoms, the interatomic 
vectors associated with the heavy atoms are readily identified and it is 
then that the atomic coordinates can be obtained directly from the 
analysis of the Patterson function.
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The heavy atom method
The positions of the heavy atom, having been located by a three-
dimensional Patterson function (or from a Harker section) can be used
to calculate initial sets of phases (based on the heavy atom alone)
which in most cases are sufficiently accurate for subsequent determination
of the structure. The phase angles thus deduced, will be approximations
to the true phases and the resultant Fourier map is hence an approximation
for the electron density distribution.
The efficiency of this process for the noncentrosymmetric case has
been thoroughly investigated by Sim ^  (1961).
11-13Methods based on isomorphous crystals
This technique is an important tool in crystal structure analysis 
and in particular in protein crystallography where it has been the only 
way of solving structures. Essentially, two different types of isomorphism 
can be described between a pair of crystals -  the 'addition' type and 
the 'replacement' type. In the addition type of isomorphism one should 
have a series of derivatives of a parent molecule ( i.e . protein), and 
in the replacement type isomorphism of structure determination one 
should have in hand two or more crystalline derivatives which have the 
same crystal structure but which contain different heavy atoms.
In the case where all heavy atoms occupy the same sites, the 
anomalous scattering information is of primary value. It is by means 
of the imaginary part in the expression for the contribution of the 
anomalous scatterer to the overall structure factor that the phase
ambiguity can be solved. It is also evident that in the case of a 
single isomorphous derivative when the heavy atom is an anomalous 
scatterer it is possible to solve the phase problem unambiguously by a 
comparison^ of F ^ | and Fppp
Direct methods
Direct methods attempt to derive the phases of the structure 
factors directly from the measured intensities by mathematical means.
Two closely related concepts, the ‘normalized structure factor1 
and the concept of structure invariants are commonly used in direct 
methods. The 'normalized structure factor' is defined as,
/ .2 t
i = i
where N is the total number of atoms in the unit cell and £  is a 
space group dependent integer. A structure invariant (with the same
14value for every choice of origin ) is defined as a linear combination
of phases
-  h
E \ - h = °-
h
The first step in direct methods was made by Harker and Kasper'
(1948) who showed that inequality relations capable of giving phase
information do exist.
Following this development by Harker and Kasper and later by 
18Karle and Hauptman (1950), an exact equation relating the structure 
factors for equal-atom structures, based on the correspondence of the
where A^ are integers satisfying
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electron density and the square of the electron density was introduced by 
Sayre19 (1952)
f r
Fh = — T -  E  Fr  B- — (2 .D
V .f^ - f  IT Fh-k
where is the scattering factor of the squared atom. The relation 
applies to any equal-atom structure whether centrosymmetric or not. 
However, in the mathematical sense, Sayre's equation is only valid if 
one includes all possible terms in the summation. Multiplying both sides 
of (2 . 1) by F_fj
fh
i  _ ! lL  y  F -  F -  F -
V jS “  k F7-k -h n
r h k (2 *2)
For large
Fh the left hand side of equation (2 .2) will be large, 
real and positive. We may therefore expect a large product on the 
right hand side of equation (2.2) to be real and positive too. Hence 
the approximate relationship:
^-h + % - k  + ~  °  (modu,e 2 Tt ) (2.3)
which constitutes the so called 2 3 2 re a^ '^ons^'P results. The initial 
steps of phase determination are based upon the assumption that the 
invariant (|2f_£ + 0 -  _ j- + J2fj^  ) is equal to zero. Probability theory 
(and experience) has shown that invariants associated with large normalized 
structure magnitudes obey the rule quite well.
For centrosymmetric crystals where all phases are either 0 or TC , 
or equivalently, the signs of the structure factors are either + or - ,  the 
T !  2 relationships applies,
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or for several contributors
s(Eh ) ~  SE  E£  • Ej7 _ k  (2.5)
where the symbol ~  means 'probably equal1. The implication of 
relations (2.4) and (2.5) is that probability relationships do exist. The
actual approximate probability relationship which was derived by
20 21 
Woolfson (1954) and Cochran and Woolfson (1955) is of the form,
P+ % )  = !  + i t a n H k - 3/ 2 t f 3 Ef  Eh -  k ] (2 .6)
k
which shows the probability that Er- is positive
N
where d  = / ]  zT  , and Z . is the atomic number of the
m ^  I |
i = i
th Cf 3I atom. The quantity is equal to N 2 for an equal-atom
0 7 3 7 2
structure, where N is the total number of atoms in the unit cell. The
larger the magnitudes of E^ - , E^ - and E^ ^  are, the higher will be
the probability of a correct sign assignment (the opposite holds for
large number of atoms). Therefore any phase determination process should
be initiated with reflections of the largest E magnitudes.
For non-centrosymmetric crystals, although zero is the most probable
value of the invariant, the value of 0  ^  + 0 ^  £  + 0 ^  can range
over -  TT to + TI .
22
Cochran (1955) found that the probability distribution for 0 ^  , 
given a fixed 0 ^  + 0— and the accompanying E |values is given by:
where
A = Kh,k = A (h '^  = 2Cr3 ° 2
-3 /2
E-fT Ek and
is related to the variance of the probability distribution,
0  = 0  r  + 0 r  + 07“ r* and L  is a modified Bessel function of the -h k h-k 0
second kind. For an equal-atom structure A = 2N - 1/2 E-h Ek Eh-k
Clearly (2.7) has a maximum when 0  + 0j~ + 0p- j- = 0 , and the
larger the value of A ( i.e . the larger the J E values) the steeper will 
this maximum be (the smaller the variance will be).
Given several fixed ‘addition pairs', 0^- + 0^- ^  , and probability
~  23distribution for each value of k, Karle and Karle showed that
formula (2.7) can be used to derive the phase determining formula
known as the tangent formula:
tan 0 t
£ . EC EiT-i? sin(%  + % - iT }
£ (2 .8)Ek E(7-k « * ( %  + % -£ >
whereas now the probability distribution of takes the form of:
P(%T) = C eXP ^  h COS(%  ” ^ h ^
and tan (3 is equal to the expression on the right hand side of 
equation (2 .8).
It is important to note that the same relationship which exists 
between the variance of the distribution (2.9) to Ct  ^ does exist 
between the variance of the distribution (2.7) to A .
(2.9)
-  22 -
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It has been found advantageous to use a modified tangent formula 
which incorporates a weighting scheme. When a phase 0   ^ is derived 
an associated weight (wpj ) is also derived. Simply stated, the tangent 
formula enables one to calculate unknown phases once a sufficient 
number of initial phases has been determined.
Among the methods for phase determination which have proved very 
effective and are still in common use, are the symbolic addition techniques 
and the multiple solution techniques. In a typical multiple solution 
technique for noncentrosymmetric structures, the set of starting phases 
consists of phases with special values to fix the origin and enantiomorph, 
some phases with values determined by auxiliary formula ( i.e . j ) , 
and n additional phases with trial values which are required to initiate
the phase determination. Restricting the trial values of the n additional
+ 71 + 3H nphases to -  ^  and -  , 4 extended and refined phase sets are
obtained, each of which is a possible solution. Figures of merit to
associate with each set of phases are established in order to judge
their relative plausibilities, and the corresponding E -  map/s are
produced.
However the present common techniques of direct methods do not
always lead to a successful structure determination and different techniques
25
should be used ( i.e . invariants estimates based on the neighbourhoods
26
concept, least squares analysis of cosine invariants triplets and quartets 
etc.) .
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The two packages of crystaliographic computer programs which
have been used to solve the structures appearing in this thesis by direct
methods are i) 'MULTAN' versions 1974, 1976 and 1978 and ii) 
oo
'X-RAY 72' .
2 .3  Least-Squares Refinement
Crystaliographic refinement is usually carried out by assuming the 
validity of the non-linear least squares procedure and minimizing the 
function:
D = £
hkl
W  (hkr 0 - kl>:
where w ^ j  *s the weight of the observation and the summation is
over all the observed reflections. The set of normal equations one gets
29in the least-squares procedure is of the form,
E NikA pk = di
k = l
where
and
N jk
N .. =
m
r = 
m
r =
E Wr ■
I
E Wr (
9P:
3 Pi
-)
n is the number of parameters, A P^  the difference between the approximate 
and true values of the parameters and m, the number of observations.
In matrix notation, N.. and N .. are matrix elements of the matrix
|k ||
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N(nxm) and so are A  P °nd d (I x n). Since, if this set of norma! 
equations has a solution, the inverse matrix N  ^ must exist:
N N A  P = N ' 1 d and A  P = N _’d.
In practice the process might repeat itself with corrected parameters
until the average and maximum shifts over errors are smaller than unity.
The standard deviation derived, is given by,
m_
a \ = (N n _l) w r( A pr)2 / ( m - n)
r = 1
thwhere is the weight of the r A  F, m the number of observations,
-I thn the number of parameters, and N .. the i diagonal element of the 
inverse matrix.
The most commonly used least-squares techniques are the so called
'block diagonal least-squares'and the ‘full matrix least-squares' whereby
the former is assumed to be an approximation to the 'full matrix'
2 9
technique .
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CHAPTER 3
STRUCTURAL STUDIES OF YLIDES AND RELATED YLIDES
-  26 -
INTRODUCTION
Ylides, formally zwitterions in which a negatively charged carbon 
atom achieves stabilization by an interaction with an adjacent positively 
charged hetero atom, have been known for over forty years since the 
report by Ingold and Jessop^  (1930) on the isolation of dimethylsulphonium 
fluorenylid (1) .
1
The history of ylides thus predates their name, the term 'ylide'
. . 2 3(or ylid) having been introduced by Wittig '  (I944) while working with
the compound tri methyl ammonium fluorenylid (2) ,  and its use was then 
immediately extended by him to include the sulphonium analogues of (I).
2
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The current definition of ylides is extended to all compounds for 
which a vicinal zwitterionic electronic structure may reasonably be 
written e .g . where X = (P ,N  ,As,Sb,S ,Se), and Y = (C ,N ,0 ) .
Compounds which fall into this category include carbon-sulphur ylides 
< )s  -  c <  ) ,  carbon-phosphorus ylides ( P -  ) ,  and 'onium imine1
ylides (> X + -  N -  ) .
4
It was the introduction of Wittig's olefin synthesis (1953) which led 
to the extensive investigation of the properties and reactions of phosphorus 
ylides and thereafter to the explorations of the properties of ylides of 
nitrogen, arsenic and sulphur.
Since the main work in this thesis is devoted to sulphur-containing 
ylides S -  and -  N -  ) the forthcoming discussion of
the chemistry and bonding characteristics will tend to refer to this class 
of compounds.
Amongst the many examples which indicate that 'unusual' stabilization 
is inherent where a sulphonium centre is bonded to an adjacent negatively 
charged atom, the most noteworthy are the following two observations 
made by Doering and Hoffman^ (1955) and Doering and Schreiber^ (1955),
(i) Trimethylsulphonium iodide (3) undergoes 98% deuterium 
incorporation at 62°C after 3 hours, whereas tetramethylammonium iodide 
(4) shows no observable exchange after 504 hours under the same 
conditions.
+  d 2 o
(MeP  ^ 2   >► Deuterium incorporation
3  H ~O H
(Me)3N -  CH2  i _A / »  no exchange
"OH '  '
H
4
(ii) It has been impossible to add bases to the vinyltrimethylgmmonium
io n  (5 ) w h i le  th e  v in y ld im e th y ls u lp h o n iu m  io n  (6 ) re a c ts  v e ry  r a p id ly  
5
(10 times faster) with a variety of bases by addition, to give the 
2-substituted ethyldimethylsulphonium ions (7).
( C H s ^ N  -  C H  C H 2  > no re a c t io n
" O H
+ EtOH +
( O U 9 S -  C H  =  C H 9 ---------------------- ► (0-g9S -  C H 9 C H 9 -  O E t
O H
However, the chemistry of sulphur ylides and its practical application
in organic synthesis came to light only after the demonstration by Corey
and Chaykovsky^ (1962, 1965) of the selective methylene transfer
capability of dimethylsulphonium and dimethylsulphoxonium methyl ides.
The enhanced stability of sulphur ylides in contrast to their first 
8-11row analogues has been attributed to the possibility of valence-shell 
expansion by TC bonding in which overlap occurs between a vacant 3d 
orbital on the sulphur atom and a filled 2P orbital on the adjacent
-  29 -
anionic first row atom (Fig. 1 ) ,  However/ the possibility that the
2P orbital may rotate (by 90°) and overlap with an equivalent d-orbital 
may explain why no unusual barrier to rotation about the S-C bond 
should necessarily develop (Fig. I ) .
y z xy
X
y z  Plane
24P-n- orbital overlap
x y  plane
A critical review of the evidence for such interactions has been 
12
given by Mitchell (1969) and relevant discussions concerning the ability 
of d orbitals to participate in the chemical bond have been given by 
Clark^ (1970), Coulson^ (1969) and by Kwart and King^ (1977).
In contrast to the 'second row1 ylides, no formal bonding of (d-P)^ 
type between the 'onium' group and the vicinal atom can occur in 
ylides of first row elements since the energy gap to the next highest 
vacant orbital is too great for effective bonding^.
Although recent reports^ of theoretical examination of the essence 
of the chemical bonds in ylides have claimed to demonstrate the 
importance of ionic interactions as opposed to (d-P)^ interactions, 
the nature of the stabilization remains complex and debatable, and 
might be attributed to several, not necessarily, independent factors.
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Thus, by attaching different groups to the anionic centre (in 
sulphonium ylides) additional stabilizing/destabilizing effects can be 
envisaged and the relative stabilities of such ylides may be qualitatively
reflected in the ease of their formation from the corresponding sulphonium
+ 1 2 ,  I
cations f^S -  CH Z Z , which varies markedly with tbe nature of Z
2 1 2and Z . If Z and Z are electron withdrawing groups (e .g . carbonyl,
cyano carbonyl e tc .), the ylides are in general sufficiently stable to
. 1 2permit isolation by simple procedures. In contrast, if  Z and Z are
hydrogens (e.g . dimethylsulphonium methylide), the resulting ylide is
generally unstable and the process requires a strong base such as
t-butoxide ion and working temperatures of below 0 °C . Sulphonium 
. 1 2n-alkylides (Z = H , Z = n-alkyl) are even less stable than sulphonium
methylides and can only be generated efficiently by careful selection of
base, temperature and solvent (e .g . diphenyl sulphonium methylide is
generated at -78°C in T .H .F . with t-butyllithium as a base). Ylides
I 2where both substituents Z and Z are alkyl groups are thus expected to
be the least stable of all sulphonium alkylides and the most difficult to
prepare. Indeed this latter fact was well illustrated by Corey's
18 -
preparation of diphenylsulphonium isopropylide (P h^  “ ^(C H g^)*
The same qualitative picture can be applied to sulphur-nitrogen
19 \  +ylides ( )S  - N - ) .  Therefore N-sulphonyliminasulphuranes (8) and 
N-acyliminosulphuranes (9) are non hygroscopic and stable solids at room 
temperature, while the N-aryliminosulphuranes (10) r with electron
-  31 -
withdrawing groups (CN or NC^) on the ring, are only moderately stable 
( I -12 months at room temperature) and N-aryliminosulphuranes with electron 
donating substituents on the ring are hygroscopic and decompose within a 
few days or weeks at room temperature .
| 2+ " 1 i 0+ “ -3
r 'r  S -  N S 0 2R° r ' r zS -  N CO R
8 9
| 2+
R'R S -  N Ar 
10
Brief reviews of the chemistry of sulphur ylides have been given by
9 20 21 10 22
Johnson (I966), Lawe (I970), Block ' (I97I), Hudson (I97I), Field
2? 24 25
(1972), Stirling (1975), Trost and Melvin (1975), Gilchrist and Moody
(1977) > Oae (l977), Block28 (I978) and Field29 (I978).
It can be seen that the bonding and conformational characteristics
of ylides have in recent years become the subject of considerable
systematic structural studies. Continuing previous work carried out in
Glasgow , the crystal structures of 2 sulphur-nitrogen ylides of the 
I "  +  2general formula R -  N -  S R2 and of five related ylides (Betaines) of
the general formula (II) have been determined as part of the work for 
the present thesis.
The latter compounds are structural variants of the former in which
the group ( )  C = C( ) has been interposed between the sulphonium
. .r2 r2 arid the imine species. Both groups are chemically related and provide
13novel routes to the synthesis of heterocycles ( i.e . pyrroles). The 
results of these structure determinations are presented in the following 7 
sections. Section 8 is an overall discussion of the implications of these 
analyses.
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THE CRYSTAL AND MOLECULAR STRUCTURES OF 
TWO YLIDES OF THE FORM (CH3)2S+lsAr
I .  R = m -  0 2N C .H .
II .  R = p - 0 2NC6H4
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3.1 Experimental and Results for 1.
I
S ,S — Dimethyl-N-m-ni trophenylsul phi mide
Preparation of Crystals
The title compound (I) was prepared by the published procedure
30described by Claus and Vilsmaier (1975) and which can be summarized 
in the following chemical equation:
m-Nitroaniline + (CH^^S + X -  Cl ----------------------------------- (I)
^ c o c h 2
X = N (N-succinimidyl)
c o c h 2
Crystallization from 'ether-hexane-dichloromethane' yielded red coloured
o 25 31
needle shaped crystals with a melting point of 97 -  99 C (Lit. '  m.p.
100 -  101). The structure was confirmed by its own characteristic I.R .
32band positions (960, 965, Ch^C^ as solvent) and the typical fragments
. , 25in the mass spectrum :
m /e, I98(M+) ,  I83(M+ -C H 3) ,  I68(m+ -  2CH3) ,  I5I(M+-C H g S ), 
I36(M+ -  S(CH3)2) , I22(M+ -  ( C H ^ N ) .
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Crystal Data
Molecular Formula 
Molecular Weight 
Crystal System 
Unit Cell Dimensions
Unit Cell Volume
Number of Molecules per Unit Cell 
Calculated Density
Number of Molecules per Asymmetric Unit 
Spare Group 
Equivalent Positions
Linear Absorption Coefficient
Number of Electrons per Unit Cell
Data Collection
Diffractometer Used
Radiation Used
Filter
Upper Limit for Data Collection
198.24 a .m .u . 
Orthorhombic
a =  1 3 .6 6 3 (3 )  i  
b =  1 3 .8 5 0 (3 )  2 
c =  5 .0 0 8 ( 1 )  2 
V = 947.74 2 3 
Z = 4
_3
D = 1.39 g.cm c
N = I
P212)2j (D * , No. 19) 
x ,y ,z
i - x r -y , i  + z 
4+x, i  -y ,  -  z 
"X, i  +y, J -  z
H = 2.96 cm' 1 
F(000) = 416
Hilger and Watts Y290
Mo -  Ka / X= 0.71069
Graphite Monochromator 
2
cos 2 9 m = 0.970 
29 max = 60°
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o
<
Number of Observed Independent Reflections m = 1348
Unobserved Cut-Off 2 .5 0 j
Number of Parameters Refined n = 158
Number of Reflections per Parameter m/n = 8 .5
Structure Determination and Refinement
The diffraction pattern exhibited orthorhombic symmetry conforming
4
to the space group P2 2^j2^  (D£, no. 19), based on the systematic absences
hoo for h = 2n + I , oko for k = 2n + I and oo! for I = 2 n + I .
The crystal structure was solved by direct methods using the set of
programs incorporated in the 1976 version of 'MULTAN1. 1500 5Z 2
relationships among the 150 reflections with F |)> 1.45 were included
in the phase determination by the weighted-tangent formula (10
relationships per reflection and 11.5 reflections per nonhydrogen atom).
The weighted figure of merit of the set of phases from which the structure
was eventually obtained was the highest of the 64 sets calculated. The
various parameters used with 'MULTAN' are summarized in Table 3.1.1.
The positions of II atoms (out of 13 nonhydrogen atoms in the asymmetric
unit) were revealed from the initial E-map, while the positions of the
remaining 2 nonhydrogen atoms were derived from a difference-electron-
density synthesis phased on the II atoms. The calculated R and R^ at
this stage were equal to 0.226 and 0.289 respectively.
The crystal structure was fully refined to convergence by 14 cycles
2
of full matrix least-squares minimizing the function ]Tw(| Fq| “|^ c]) •
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The refinement of the atomic positional and anisotropic thermal parameters
for C , N , 0 and S atoms and positional and isotropic thermal parameters
for hydrogen atoms led to a conventional R factor of 0.030 and a
weighted R-factor of 0.036. Towards the later stages of the refinement
the observations were weighted according to their estimated errors and
2
a weighting scheme of the form w = I /  o' (FJ was used instead of unito
weights which were applied initially. The agreement analysis of
at the end of the refinement 
and the weighting scheme
2
averaged wA with groups of increasing
2
showed little variation of wA with
Fo
Fo
was therefore considered adequate.
The different stages in the refinement are outlined in Table 3 .1 .2 .
A difference synthesis calculated after cycle 14 was featureless and
revealed no errors in the model, the maximum electron density being 
°  “30.19 eA . The refinement was assumed complete with average shift/ 
error of 0.013, maximum shift of 0.129 CT and standard deviation of an 
observation of unit weight equal to 0.2463. No absorption correction 
was applied. In all structure factor calculations the atomic scattering 
factors for Q, 0 , N and S were computed from numerical Hartree-Fock 
wave functions whilst those for hydrogen were given by Stewart et al 
(1965).
Final values of the observed and calculated structure factors, 
including phases, are given in the supplement to this thesis.
The crystal and molecular structure together with a numbering scheme 
are given in Figures 3.1.1(a) and 3.1.1(b). The atomic coordinates
-  38 -
and thermal parameters with e .s .d .'s , bond lengths, valency angles 
and torsion angles with e.s.d.'s and other relevant data are given 
Tables 3.1.3 to 3 .1 .6 .
Table 3.1.1.
SUMMARY OF THE CONDITIONS (INCLUDING VARIOUS FIGURES 
OF INTEREST) ASSOCIATED WITH SOLVING THE STRUCTURE OF I.
In this table:
1. NE -  is the number of the largest J E j's chosen to define the structure.
2 . NSRT -  is the number of ^ 2  relationships to be retained.
3. NSRTT -  is the total number of ^  2 relationships.
4. PROB -  is the probability acceptance limit chosen fo r £
5. NSPEC -  is the number of special phases (permutations restricted
to 0  , 0  + 180°).spec spec
NGEN -  is the number of general phases (phase permutation 45°, 
J 3 5 °, 225°, 315°).
N ANY -  is the number of phases of either sort.
6 . NSET -  is the total number of phase sets that have been developed.
7. PUB -  is the published phase.
8 . NAT -  is the number of nonhydrogen atoms in the asymmetric unit.
9. ABS FO M , PSI ZERO, RESID and CFOM are all figures of merit.
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Table 3 .l.3 (a /b / c /d)
4
(a) Fractional atomic coordinates (x 10 ) of non-hydrogen atoms with
e.s.d .'s in parentheses. The table shows:
ATOM X /A  Y/B Z /C
°2 3(b) Anisotropic thermal parameters (A , x 10 ) of non-hydrogen atoms
with e.s.d.'s in parentheses. The table shows:
ATOM Ujj U22 U33 U J2 U j3 U23<
3(c) Fractional atomic coordinates (x 10 ) of hydrogen atoms with e.s.d.'s 
in parentheses. The hydrogens are numbered according to the atoms 
to which they are attached.
°2 2
(d) Isotropic thermal parameters (A , x 10 ) of hydrogen atoms with
e.s.d .'s in parentheses. The table shows:
ATOM U,. v(iso)
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Table 3 .1.4(a,b,c)
o
(a) Interatomic distances (A) with e.s.d .'s in parentheses. The hydrogen 
atoms are numbered according to the atoms to which they are 
attached.
(b) Interbond angles (in degrees) with e .s .d .'s  (degrees) in parentheses.
(c) Torsion angles (degrees)with e.s.d.'s (degrees) in parentheses.
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Table 3 .1 .5 .
A . Selected intramolecular non-bonded distances (<( 4 .0  A )
s . . .  C(2) 2.93 N(2) • • • C(2) 2 .44
s . . .  H(2) 2.65 N(2) • • • C(4) 2.45
N(l) . . .  C(2) 2.49 0(1) . • • • C(4) 2.72
N(l) . . .  C(6) 2.38 0(1) • • • H(4) 2.38
N(l) . . .  H(2) 2.73 0(2) • • • C(2) 2.71
N(l) . . .  H(6) 2.58 0(2) • • • H(2) 2.38
N(l) . . .  C(8) 2.62 C(7) • • • H(2) 3.33
Selected intermo ecular distances ( <( 4
o
.5 A ) •
S . . .  N(l)' 4.23 C(8) • • • 0(2) H 3.47
S . . .  0(l)n 3.41 C(8) • • • N (l) 1 3.61
S . . .  0(2)'* 3.93 C(8) • • • N (l)fii 3 .49
C (7) . . .  0(1)” 3.26
Roman numeral superscripts refer to the following equivalent positions 
relative to the molecule at (x ,y ,z):
(i) 1/2 -  x , 2 -  y, 1/2 + z (iii) 1/2 - x ,  2 -  y , A /2  + z .
(n) I - x ,  1 /2 + y ,  5 /2  - z
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Table 3.1.6  
LEAST-SQUARES PLANES
Planes are in the form of Ax + By + Cz -  D = 0  where x ,y  and z 
refer to an orthogonal ized set of axes, D is the perpendicular distance 
from the plane to the origin and A , B and C refer to the components 
of unit vector normal to the best plane. An asterisk denotes atoms 
used to define the plane.
A .
(I) Equation of the plane
0.5I2U  -  0.5052 y -  0.6947 z + 6.2820 = 0
= 43.35 with 3 degrees of freedom, 
o
The deviations (A) of the atoms from the plane are:
c ( l) * -0.008(2) S -0.3003(5)
C(2)* 0.008(2) C(7) 1.298 (3)
C(3)* - 0 . 002(2) C(8) -0.949 (3)
C(4)* -0.005(2) N(2) - 0.002 (2)
C(5)‘ 0.003(2) 0(2) -0.033 (2)
C(6)* 0.005(2) 0(1) 0.022 (2)
N (l) -0.041(2)
(2) Equation of the plane
0.6480x -  0.4463y -  0.6172z + 4.7550 = 0
o
The deviations (A) of the atoms from the plane are:
C(D* 0.0 C(6) - 0 .211(2)
NO)* 0.0 C(7) 1.690 (3)
s* 0.0 C(8) -0.680 (3)
C(2) 0.180(2)
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Table 3.1.6 (continued)
(3) Equation of the plane
0.2l28x -  O.OI83y + 0.9769z -  4.005 = 0 
o
The deviations (A) of the atoms from the plane are:
C (7)* 0 .0
C(8)* 0 .0
N(l)* 0 .0
S 0.7529(5)
B. Dihedral angle between planes (I) and (2) is 9 .6 ° , between (I) and
(3) is 124.1° and between (2) and (3) is 117.2°.
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Figure 3.1.1 (a and b)
a . A general view of I giving the atomic numbering scheme. Hydrogen 
atoms are numbered according to the atoms to which they are 
bonded.
b. The molecular packing of I viewed along the short axis 'c1.
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4 .9 2  A

Discussion of I
The major conformational features as revealed by the crystal structure
analysis of I are illustrated by the three Newman projections given in
Figure 3 .1 .2 , along the N(2) -C (3 ) , C(l) -  N(l) and N(l) -S  bonds
respectively. The structure with the bond lengths and bond angles
included in it , is shown in Figure 3.1.3(a) and 3.1.3(b) respectively.
The cisoid conformation of the -  group with respect to
the m -  NO2 group in (I), is of some interest. The consequence of
+ S -
this conformation, which allows the closest approach of the S and 0
entities, is that H(2) is placed in a potentially overcrowded environment.
35aIt is to be noted that hydrogen atoms may accommodate non-bonded
separations which are shorter than those which would be expected on
the basis of Pauling's van der Waals' radii, and this is probably a factor
in permitting the observed conformation. Whereas, in the case of 
35b-37m-Dinitrobenzene , the two nitro groups gain release of non-bonded
interactions by twisting ( 13°) along the C -N  bonds, the fact that N(l)
is only dicoordinated (in I) enables the nitrogen atom to perform a 
pronounced in-plane bending.
As a whole, it seems that the molecule gains the required 
conformational relief in the following two ways: a.) in-plane bending
of N(l) ^the exocyclic N(l) -  C(l) -  C(2) and N(l) -  C(l) -  C(6) angles 
equal to 126.7(2)° and 116.4(2)° respectivelyj and a slight out of plane 
bending |^N(I) -  C(l) -  C(2) -  C(3) and N(l) -  C(l) -  C(6) -  C(5) 
dihedral angles equal to 177.9(2)° and -178.3(2)° respectively J , b.) 
a rotation of about 9° along the C(l) -  N(l) bond (Figure 3 .l.2 .b )
-  59 -
Figure 3.1.2
Newmann projections (with torsion angles) along (a) N(2) -  C(3)
(b) C(l) -  N(l) and (c) N(l) -  S bonds.
A torsion angle A-B-C-D is considered to be positive if when 
viewed down the B-C bond the A-B bond will eclipse the C-D bond 
when rotated less than 180° in a clockwise direction.
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followed by a rotation along the N(l) -  S bond. The latter rotation 
reduces interactions between the methyl groups on the sulphur atom and 
the ortho hydrogen on the ring. This steric effect seems to 'provide1 
the approximately staggered arrangement of the sulphonium methyl groups 
relative to the C -N  bond (Figure 3 . l .2 .c ) ,  an arrangement, that 
otherwise would not have been predicted and favoured by the so called 
'Gauche effect1. ^
CH.
C H
H C
Figure 3.1.4: Possible projections along the N(l) -  S bond.
The 'Gauche effect' is the tendency to adapt that structure which 
has the maximum number of gauche interactions between the adjacent 
electron pairs and/or polar bonds. Thinking of the electron pairs (in a 
qualitative way) as directed ligands which are capable of displaying 
stereochemical properties and visualizing the two conformations A and B 
one can see that the favourable conformation, by the 'Gauche effect' 
will be the + syn-periplanar conformation (B) in which the two lone 
pairs of electrons are cis to each other.
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The + anti -clinal conformation (A) that the molecule adopts 
(Figure 3 .1 .4 . ) ; and in which the two lone pairs are 'trans* to each
other seems to be supported by the steric effects already mentioned.
A noteworthy fact is the approximate coplanarity of the nitro
group with the C-hexagon, as is indicated in Figure 3.1.2a and which
has been pointed out in a few previous structures as well (Trotter 1959,
for nitrobenzene; Cameron et al 1 9 7 6 ) .^ '^
Essentially, the m-C^N-C^H^NS moiety is close to planarity, as
can be seen from the appropriate dihedral angles (Figure 3.1.2 a-c)
and approximately from the value of 9 .6° for the angle between the
2
least-squares plane representing the aromatic ring atoms (X/ = 43.3
with 3 degrees of freedom) and the plane passing through the atoms
C(l) I Nf(I) and S, (Table 3.1.6). This small deviation suggests that
there is no geometrical barrier to delocalisation from the nitrogen into
the aromatic ring system.
The configuration at the sulphur atom is basically pyramidal, the
angles C(7) -  S -  C(8) ,  C(7) -  S -  N(l) and C(8) -  S -  N(l) being
99.5° ,  106.4° and 100. 9°  respectively with a mean valency angle of
102. 3°  which is similar for geometries previously observed for sulphur
41 -46 oatoms in comparable environments (mean pyramidal angle: 100.8 -
o
104.0°). The sulphur atom in molecule I deviates by 0.75 A from 
the plane passing through the atoms C(7), C(8) and N(l) (Table 3.1 .6).
The C(l) -  N(l) -S  valency angle is 114.7(1)° which is consistent 
with sp2 hybridization at N(l) whereby two of the hybrid orbitals are
-  65 -
used to form O' bonds and the third is mainly a lone-pair orbital. Any
marked tendency for electrons in this orbital to take part in the S-N  
bonding would lead to an increased C-N-S angle. It seems as if this 
lone-pair of electrons displays a repulsion effect upon the S-N(l) and 
C(l) “ N(I) bonds causing the angle to decrease from 120°. This distortion 
from 120° has been dealt with by G illespie^ (1963, 1967, Valence-Shell 
Electron Pair Repulsion, VSEPR).
+ -  o
The sulphonium-imine bond length S (iv) -  N is 1.622(2)A,
considerably shorter than the value which might possibly be expected for 
a sulphur-nitrogen single bond °  48 49l.772(l)A from sulphamic acid ' and
.5 0
1.74 A from Pauling's covalent radii corrected for electronegativity
o
with Schcmaker-Stevenson coefficient of 0.08A and which would seem
to indicate considerable (d -  P) bonding if one follows the usual
7T
51,52
assumption, which has recently been questioned ' (Trost 1975,
Whangbo, Wolfe and Bernardi, 1975), that a decrease in bond lengths 
is associated with increased double bond character.
This bond length is within the experimental error, similar to the
+ . . .  I 2 + _  3
S(iv) - N  bond lengths in the N-sulphonyl sulphilimines, RR S -  NSC^R',
(called also N-sulphonyl iminosulphuranes), which have a
o
weighted mean* bond length value of l.628(2)Af and is below the
+ o
S(iv) -  N weighted-mean bond length value of l.670(2)A found for
1 2 +  " 3N-Acylsulphilimines, RR S -  N COR , (N-Acyl iminosulphuranes),
*  X , m e a n  =  X / j / a . 2  J <ri =  1 / .
V i  /rr2 H
- x ) %
X > c r f  1i
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53(Cameron et a l , 1976) , This would appear to Indicate equal
capabilities for negative charge delocalization by the sulphonyl and 
aryl groups in the above systems.
o o
The two S-C(methy) bonds of l.787(3)A and l.777(2)A to C(7)
o
and C(8) respectively and a weighted-mean bond length of l.780(3)A
differ by only 2 . 8 Cf { ( f  of the population of the difference values)
and therefore this difference cannot be considered significant. The
o
S-C single bond in dimethylsulphide was found to be !.809(5)A
54 # # # 50
(Maier, 1961) and from the sum of covalent radii given by Pauling
o o
it is postulated to be I . 8IA. This difference between l.809(5)A and
o
the mean value of 1. 780(3)A which is significantly different ( 5 ( f )
had been accounted for previously to be of a 'hyperconjugative like1
4|
nature (Kalman, 1967) or as indicative to the dipolar characteristic
+ 51
of S (iv) -  N (Trost, 1975) .
N(l) -  C(l) bond whichThe imino-nitrogen bond to the C-ring 
o
is I • 391 (2)A would support the suggestion that there is minimal
delocalization of the negative charge into the aromatic system
^C(2) -  C(l) -  N(l) -  S dihedral angle = -9 .3 °  j  since this bond is
significantly longer than the N -C  bond in free pyridine £ 1. 340(5)a J
55(Bak, Hansen and Rastrup-Andersen, 1954) and appears to represent
2 2 56within the experimental error a typical Nsp -  Csp single bond.
o
The C -N  (nitro) bond of l.468(3)A is comparable in length to
3 3 °  . 57a Csp -  Nsp bond of I.465(2)A (in methylamine) . It is possible
that steric interactions (geminal and non-geminal non-bonded repulsions)
-  67 -
are factors in determining this bond length. The mean N -O  (nitro)
o
bond length is 1.221 (2)A which is within the range of the expected value. 
It is worth noting that within experimental error there is no
difference between the dimensions of these nitro groups and those which
58 59are twisted or almost perpendicular with respect to the benzene ring
The ring deformations seem to depend markedly upon the electronic
properties of the two substituents. The known is essentially
(within experimental error) reduced to symmetry where the C2 axis
is along the C(l) . . .  C(4) line (Figure 3.1.3a). The most significant
deviations from symmetry are the increase by 3 .6 ° from 120° of
the endocyclic bond angle C(2) -  C(3) -  C(4) opposite to the nitro group,
the slight decreases in the endocyclic angle C(3) -  C(4) -  C(5) and the
two bonds C(2) -  C(3) and C(3) -  C(4) by the approximate amounts of
o o 50
3 . /  and 0.01 A respectively (C-C in benzene, I .3 9 7 A )  , the
decrease by 3 .2 ° of the endocyclic bond angle C(6) -  C(l) -  C(2)
opposite the -  N S ^ H ^  substituent and the minor increases in the
endocyclic bond angle C(5) -  C(6) -  C(l) and the bond C(6) -  C(l)
Q o
by the corresponding amounts of 1.4 and 0.015 A .  All the effects are 
consistent with the strong ( f  -electron withdrawing character of the 
nitro group and the small conjugative interference with the ring of the 
-NS(CHg)2 substituent, and it appears as if the angular deformations 
are basically not affected by the meta-substitution apart from where 
they do overlap and produce a superimposition of separate effects 
(Domenicano, Vaciago and Coulson 1975)^. The latter is well
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demonstrated by the endocyclic bond angle C(l) -  C(2) -  C(3) £ll9.8(2)°J
which is a result of opposite effects from both substituents.
Intra*and intermolecular contacts of interest are given in Table 3.1.5 
and few of them are indicated in Figures 3.1.1(a)and 3.1.1b. The 
molecular packing is in accord with minimizing these contacts leaving 
van der Waals interaction to be the dominant characteristic force in the 
solid state, though, it is interesting to note that the molecules in the 
crystals are arranged in pairs (related by a screw axis parallel to Z) 
whereby each pair has two parallel N-S bonds and it seems as if some 
charge-dipole and/or dipole-dipole interactions might exist in the solid 
state [  S+ . . .  N(l) is equal to 4.23 a ]  .
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3.2  Experimental and Results for II.
V X s (c h ) 2 
I I
S,S -  Dimethyl-N-P-nitrophenylsulphimide.
Preparation of Crystals
The title compound (II) was prepared by the published procedure
. 3 0described by Claus and Vilsmaier (1975). Crystallization from 
'dichloromethane-ether' yielded yellow crystals with m.p. = 165 -  |68°C  
(L it.25 m.p. 148 -  I5I°C; 163 -  I65°C; I6 7 - I6 8 ° Q .
25 32 .
The structure was verified by its characteristic I.R. bands ' in
the region 970 -  890 cm  ^ (905 , 945, 980, Ch^C^ as solvent) and by
25
the expected fragments in the mass spectrum
m/e: I98(M+) ,  I83(M+-C H 3) ,  I68(M+ -  2CH3) , I53(M+ -  NO -  C H ^ ,
I5I(M+ -  CH3S), I37(M+ -  CH3 -  SCH2) , I36(M+ -  (CH3)2S),
+ + +
|22(M -  ( C H ^ N ) ,  6I(CH3SCH2 ) and 62(CH3S CHg).
Crystal Data
Molecular Formula ^8^I0^2^2**
Molecular Weight 198.24 a.m .u .
Crystal System Monoclinic
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Unit Cell Dimensions
Unit Cell Volume
Number of Molecules per Unit Cell 
Calculated Density
Number of Molecules per Asymmetric Unit 
Space Group 
Equivalent Positions
Linear Absorption Coefficient
Number of Electrons per Unit Cell
Data Collection
Diffractometer Used
Radiation Used
Filter
Upper Limit for Data Collection
Number of Observed Independent 
Reflections
Unobserved Cut-Off
Number of Parameters Refined
Number of Reflections per Parameter
a = 4.811(1) A 
o
b = 9.874(2) A 
c = 19.947(4) A
13 = 97.45(3) °
V  = 939.6 A 3 
Z = 4
-3D = 1.40 g.cm c °
N = I
P2,/c(C^h , No. 14)
X, y , z;
-x , 1/2 + y, 1/2 - z  
H = 2.98 cm-1 
F(000) = 416
Hilger and Watts Y290
-  Ka , 0.71069
Zirconium (Zr)
20 = 60° max
m = 868 
2.5CTJ. 
n = 158 
m/n = 5 .5
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o
<
Structure Determination and Refinement
5
The space group P2j/c No. 14) was determined uniquely
from the systematic absences in the diffraction data (oko absent when 
k is odd, hoi absent when I is odd).
The crystal structure was resolved by application of the multisolution 
direct methods program 'MULTAN1 (version 1976), and by conventional 
structure factor and electron density calculation. The largest 100 E 
values (| E | ^ 1.36) were chosen to define the structure (7 .7  E's per
nonhydrogen atom) and the number o f j ^  relationships was found to be 
538 (5.38 phase relationships per one E value). A total of 16 sets
were produced from 4 permuted special phases and the set with the 
largest 'combined figure of merit' (CFOM) resulted in the correct solution. 
The various parameters used with 'MULTAN' are summarized in Table 3 .2 .1 . 
Nine atoms found from the initial E-map were assigned isotropic thermal
o 2
parameters of U = 0.051 A and by computing a difference Fourier 
synthesis the sites of the other four nonhydrogen atoms were revealed.
The calculated R at this stage was found to be 0.263.
The full matrix least-squares refinement of the positional, thermal
 ^ f i 2
and scale parameters minimizing the function / w  - | FeP '
. 2 r- 2
converged after 13 cycles when R was 0.052 and Rw (=X w A  / 2_wFq ) 
was equal to 0.047. Details on the progress of the least-squares 
refinement are given in Table 3 .2 .2 .
In itially, unit weights were applied to all the reflections. In later 
stages a Cruickshank-type weighting scheme of the form w  ^ =
-  72 -
7.8190 -  0.9188 F^ J + 0.0280|f | was employed. The coefficients in 
this latter quadratic expression were obtained by plotting the graph of
in groups of increasingcu A against J Fq Fo values and
fitting a 2nd order polynomial y = q  ^ + q^ x + to the observed
curve. This weighting scheme gave an approximately 'flat' distribution
F . For reflections with o
weights of w = 1/2.3488 were adapted
Fq min group).
of wA2 by
2 2
(w = 1 /A  , A  belonging to the
F . 's less than F OJ I o' Irm(m
The refinement was assumed complete when the parameter shifts, 
calculated by a cycle of least-squares were insignificant compared to 
the corresponding estimated standard deviations. The average and 
maximum shift/error were 0.032 and 0.163 respectively and the standard 
deviation of an observation of unit weight was equal to 1.5008. A 
calculation of a difference Fourier synthesis revealed no errors in the 
structure. No absorption correction was applied. In all structure factor 
calculations the atomic scattering factors for C, 0, N and S were 
computed from numerical Hartree-Fock wave functions whilst the 
scattering factors for H were those given by Stewart et al (1965).
Final values of observed and calculated structure amplitudes, 
including phases, are given in the Supplement to this thesis. A 
perspective view of the molecule with its thermal ellipsoids (50% 
probability for nonhydrogen atoms) and their principal sections is 
illustrated, together with the numbering scheme used, in Figure 3.2.1(a). 
The molecular arrangement viewed along the shortest 'a1 axis is shown
-  73 -
in Figure 3 .2 .1 .(b ).
The final fractional coordinates for nonhydrogen atoms, their 
anisotropic thermal parameters and fractional coordinates for hydrogen 
atoms with their isotropic temperature factors are listed in Table 3 .2 .3  
(a ,b ,c  and d). Their e.s.d .'s were derived from the inverse of the 
least-square matrix. Tables 3 .2 .4  to 3 .2 .6  list molecular dimensions 
with e.s.d.'s and non-bonded distances with other relevant in tra/ 
intermolecular data.
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Table 3.2.1
SUMMARY OF THE CONDITIONS (INCLUDING VARIOUS FIGURES 
OF INTEREST) ASSOCIATED WITH SOLVING THE STRUCTURE OF II .
In this table:
1. NE -  is the number of the largestj E |'s chosen to define the structure
2. NSRT -  is the number of r elationships to be retained.
3. NSRTT -  is the total number o fX ^  relationships.
4. PROB -  is the probability acceptance limit chosen for ^2  j .
5 . NSPEC -  is the number of special phases (permutations restricted
to 0  , 0  + 180°).spec spec
NGEN -  is the number of general phases (phase permutation 45°, 
135°, 225°, 315°)
NANY -  is the number of phases of either sort.
6 . NSET -  is the total number of phase sets that have been developed.
7. PUB -  is the published phase.
8 . NAT -  is the number of nonhydrogen atoms in the asymmetric unit.
t
9. ABS FOM , PSI ZERO, RESID and CFOM are all figures of merit.
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Table 3 .2 .3 (a ,b ,c ,d )
4
(a) Fractional atomic coordinates (x 10 ) of non-hydrogen atoms 
with e .s .d .’s in parentheses. The table shows:
ATOM X /A  Y/B Z /C
o 2 g
(b) Anisotropic thermal parameters (A , x 10 ) of non-hydrogen 
atoms with e.s.d.'s in parentheses. The table shows:
ATOM Ujj U22 U33 Uj2 U|3 U23
3(c) Fractional atomic coordinates (x 10 ) of hydrogen atoms with 
e.s.d.'s in parentheses. The hydrogens are numbered according 
to the atoms to which they are attached.
°2 2
(d) Isotropic thermal parameters (A , x 10 ) of hydrogen-atoms with
e.s.d.'s in parentheses. The table shows:
ATOM U,. x.(iso)
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Table 3 .2 .4 (a ,b ,c ) 
o
(a) Interatomic distances (fy with e.s.d.'s in parentheses. The 
hydrogen atoms are numbered according to the atoms to which 
they are attached.
(b) Interbond angles (degrees) with e.s.d.'s (degrees) in parentheses.
(c) Torsion angles (degrees) with e.s.d.'s (degrees) in parentheses.
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Table 3 .2 .5
A . Selected intramolecular non-bonded distances ( <C 4 .0  A )
C(8) . . . H(2) 3.20
K O . . . C(2) 2.49 0(2) . . . . C(5) 2.73
N[ i ) . . . C(6) 2.37 0(2) . . . H(5) 2.53
K O . . . H (2) 2 .77 S . . . C(2) 2.95
n :d . . . H(6) 2.52 s . . . H(2) 2.65
0(1) . . . C(3) 2.70
0(1) . . . H(3) 2.42
B. Selected intermolecular distances ( <C 4 .0  A ) 
N(l) . . .  S! 3.71
S . . . N (l)" 3.71
0(1) . . . C(7)’” 3.46
0(1) . . .
>’ gu
3.61
0(1) . . . C(7)V 3.29
0(2) . . . C(8)vi 3.53
0(2) . . . C(8) vH 3.24
Roman numeral superscripts refer to the following equivalent 
positions relative to the molecule at (x ,y ,z):
(i) -I + x , y ,z (v) -I + x , 5 /2  -  y, 3/2 + z
(ii) I + x ,y ,z  (vi) -x , 1/2 + y, 1/2 - z
(ii?) -x , - 1/2 + y / 1/2 -  z (vii) -I -  x , 1/2 + y, 1/2 -  z
(iv) x , 5 /2  -  y, 3/2 + z
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Table 3 .2 .6  
LEAST-SQUARES PLANES
Planes are in the form of Ax + By + Cz -  D = 0 where x ,y ,z  
refer to an orthogonal set of axes, D is the perpendicular distance from 
the plane to the origin and A , B and C refer to the components of 
unit vector normal to the best plane. An asterisk denotes atoms used 
to define the plane.
A . (I) Equation of the plane.
-0.7!62x -  0.5697y -  0.403lz + 5.4684 = 0
2 °^ =16,02  with 3 degrees of freedom. The deviations (A) of
the atoms from the plane are:
car -0.012(4) S -0.169(1)
C(2)* 0.011(5) C (7) -0.583(8)
C(3)* -0.002(5) C(8) 1.478(8)
C(4)* -0.005(5) N(2) -0.005(5)
C(5)* 0.004(5) 0 (2) -0.125(4)
C(6)* 0.006(5) 0 (1) 0.095(4)
N(l) 0.008(4)
(2) Equation of the plane
-0.6417x -  0.6692y -  0.3747z + 6.2936 = 0
2
5$ = 0  with zero degrees of freedom.
V
The deviations (A) of
the atoms from the plane are:
car 0.0 C (6) -0.135(5)
N O )* 0.0 C (7) -0.500(8)
s* 0.0 C (8) 1.709(8)
C(2) 0.179(5)
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Table 3 .2 .6  (continued)
(3) Equation of the plane
-0.6779x + 0.2258y -  0.6996z -  0.5841 = 0
( 2  °= 0 with zero degrees of freedom. The deviations (A) of the
atoms from the plane are:
C. (7)* 0 .0
C(8)* 0.0
N (D * 0 .0
S -0.764(1)
B. Dihedral angle between planes (I) and (2) is 7 .3 ° , between (I) 
and (3) is 50.3 and between (2) and (3) is 56 .9 °.
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Figure 3.2.1 (a: and b)
(a) A general view of II giving the atomic numbering scheme. 
Hydrogen atoms are numbered according to the atoms to which 
they are bonded.
(b) The molecular packing of II viewed along the short axis 'a '.
-  91 -
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Discussion of II
As an introduction to the forthcoming discussion, it should be
mentioned that after we had completed the analysis of this compound,
a paper describing the X-ray structure determination of the same compound
(within the framework of extended dipole-moment calculations and
62
measurements in similar systems) was published elsewhere (Eliel, 
Koskimies, McPhail & Swern, 1976). A careful examination of the cell 
dimensions and systematic absences appropriate to the crystals prepared 
and studied by ourselves has confirmed a unit cell of dimensions 
a = 4.811, b = 9.874, c = 19.947 A , B = 97.45°, and space group 
P2j/c. Re-indexing this cell would lead to a cell of dimensions 
a = 4.811, b = 9.874, c = 21.117 A , 13 -  110.51°, in which the space
group is P2|/n.
In the paper describing the other analysis, the cell dimensions are 
quoted as a = 4.845, b = 9.886, c = 21.018 A, 13 = 109.49® and 
the space group is given as P 2 j/c . The similarity between this cell 
(quoted space group P 2 ^ / ' c )  and the P 2|/n  setting of our own cell 
is remarkable, and leads us to suspect that there are not two crystalline 
forms, but that a possible error (perhaps typographical) has been made 
in describing the space group of the compound in the above paper.
We are consulting with the authors of this paper to draw this to their 
attention.
The solid state conformation of II is best described in terms of
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the Newman projections (Figure 3.2 .2) along the N(2) -  C(4), C(l) -  N(l) 
and N(l) -S  bonds respectively. Figures 3.2.3(a) and 3.2.3(b) indicate 
bond lengths and bond angles in the structure.
The remarkable similarity between the conformations of I 
(3.1 -  discussion) and I I ,  in particular, the 'trans' position £ Figures 
3.1.1(a) and 3.2.1 (a) J of the two lone-pairs of electrons on the sulphur 
and nitrogen atoms, the approximately staggered arrangement of the two 
methyl groups relative to the C(l) -  N(l) bonds  ^Figures 3.1.2(c) and 
3.2.2(c) J and the identical (within the experimental error) in-plane 
deformation of the -NS groups in both structures the exocyclic
angle C(2) -  C(l) -  N(l) is equal to 126.7(2) for I and 126.6(4) for llj 
seem to indicate, despite the different crystal environments, an adopted 
characteristic conformation determined mainly by the intramolecular 
non-bonded repulsive interactions between the ^ ( C H ^  group and the 
ring carbon and hydrogen atoms in orthoposition (Table 3 .2 .7 ).
Table 3 .2 .7 .
Structure I Structure II
S . . .  C(2)(A) 2.93 2.95
S . . .  H(2) 2.65 2.65
Cmethyl . .  C(2) 3.77 3.66
Cmethyl . .  H(2) 3.33 3.20
C(I) -  N(l) -  S (°) 114.7 115.7
C (1) -  N(!) -  S -  C methyl 99.6 93.2
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Figure 3 .2 .2 .
Newman projections (with torsion angles) along (a) N(2) -  C(3)
(b) C(l) -  N(l) and (c) N(l) -S  bonds.
A torsion angle A-B-C-D is considered to be positive if when 
viewed down the B-C bond the A-B bond will eclipse the C-D bond 
when rotated less than 180° in a clockwise direction.
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The P -  O^NC^H^NS (=) moeity Is close to planarity (Figure 3 .2 .2
and Table 3 .2 .6) as is the case in molecule I ,  though the apparent
o o
shortening of the C(4) -  N(2) bond (from 1.468 A in I to 1.426 A in
II) induces a slight torsional movement along this bond as a result of
the non-geminal non-bonded 0(1) . . .  H(3) and 0(2) . . .  H(5) interactions
£ 0(2) -  N(2) -0 (3 ) -  C(2) in I is equal to -0.90 while in II 0(1) -  N(2) -
C(4) -  0(3) is equal to -5.2°J.
The benzene-ring skeleton is only nearly planar, yet the deviation
63 2from planarity (expressed in terms of 5^  = 1 6 , Table 3.2.6) is less
than the corresponding one in molecule I — 43). The latter
observation, conjointly with the bonding pattern in II is in keeping with
the effect of through-conjugation on the bond lengths which is well
C(2) bond which is
accompanied by a 'quinonoidal1 shortening of C(2) -  C(3) followed by a
shortening of the N(2) -  C(4) bond j
Although basically the right pattern of change in the bond and
angular deformations (as has been already previously described^) is
o
observed, due to the relatively high standard deviations ('■^'0.007A 
and 'v/ 0 .4 ° in bond lengths and bond angles respectively) some ambiguity
r  °remains e .g . C(3) -  C(4) is equal to 1.390(7) A and the endocyclic
bond angle C(3) -  C(4) -  C(5) is equal to 120.4(4)° .
o o
The S(iv) -  Nl bonds, 1.640(4) A in II and 1.622(2) A in I differ
64
by 4CT when using Cruickshank’s significant t-test (Cruickshank, 1965), 
however, although just at the level of significance this small difference
known. The expected lengthening of the C(l) -
-  100 -
might be considered to be consistent with tho small, but apparent 
perturbation of electron density between the formally negatively charged 
nitrogen atom and the ring system, as for example, is the case when 
an acyl group is introduced instead of the aryl one (ref. 53 pp.2001 
Table 4).
Another feature of the geometry of II is the approximately pyramidal 
stereochemistry of sulphur (mean pyramidal angle 101.9°) which has been
41 -46discussed in Chapter 3.1 for I and other comparable systems.
Apart from the intramolecular short contacts mentioned in Table 
3 .2 .7  and indicated in Figure 3.2.1(a), some other selected contacts 
are given in Table 3 .2 .5 .
There are no abnormally short intermolecular distances though the
+ -  o
contacts S(iv) . . .  N(l) appear to be shorter (by c .a . 0.5 A ) than the
o o
same contacts in structure I (3.71 A in II and 4.23 A in I). From
Table 3 .2 .5  it could be seen that the dipolar attractions, originating
from the polar bond N(l) - S ,  if at all significant, are arranged in a way
as to connect the molecules related by the simple translations along a
in stacks (Figure 3 .2 .4 ).
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Figure 3 .2 .4 .
This latter description of the molecular packing in II might provide an 
indication as to the slightly higher melting point of II when compared 
with I (97 -  99°C for I and I65 -  I68°C for II) .
A list of selected intermolecular contacts is given in Table 3 .2 .5  
and is indicated as well in Figure 3.2.1(b).
3.1  Discussion of ! and ||
From the X-ray analysis of m-nitrophenylsulphimide and 
p-nitrophenylsulphlmide a ‘conformational-picture1 emerges whereby the 
N-S bonding system is almost coplanar with the aromatic ring. That 
near-planarity can be achieved is explained in terms of (i) the high
degree of free rotation along the N(!) -  S bond (calculated barrier to
+ -| 
rotation in the model compound h^S -  NH is 9.6 Kcal mol and is
considered to be small)^ and (ii) the pyramidal stereochemistry around
the sulphur atom, When (i) and (ii) cannot be attained, a twisted
conformation must be assumed as is the case of 4-isopropylidene-
66 2 aminophenol (Figure 3.1.1) where atom C(7) is sp hybridized (planar)
and C(7) -  N is a normal 'p-p1 double bond (Holmes & Powell, 1953). 
Using the coordinates given for this molecule an angle of 65° is 
evaluated between the least-squares planes defining the aromatic ring 
and the N , C(7), C(8) , C(9) group of atoms (This angle could be 
estimated simply by using Dreiding stereomodels with van der Waals1 
H-radii)#p Janarity in the sulphimide molecule is yet further favoured
CH
O
6
Figure 3 .1 .1
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by the possibility of interactions between the N-S bonding system and
the aromatic one (compound I to a small extent and II to a greater one).
Although short distances are found to exist in the two N -
°  °arylsulphimides that have been investigated, (1.622 A and 1.640 A ) ,
the problem of the nature of the sulphur-nitrogen linkage remains still
24open. As was already pointed out by Trost & Melvin (1975) and also 
mentioned in the introduction to Chapter 3 (this thesis), a quantitative 
separation of the factors affecting the stability of such compounds
(d-p) bonding, dipolar interactions7r is needed and has not been
generally achieved. However, it should be stressed that in 'non-simple'
systems, where the nature of the stabilization becomes complex (e.g.
existence of different degrees of conjugations and perturbations of electron
densities by inductive effects) a conventional picture of separate (d-p)^
and ionic contributions to the bonding is an oversimplification and an
individual evaluation on the basis of available information is needed.
62Such an approach is in fact applied in the recent results published on 
the dipole moment calculations and measurements whereby a 40% -60%  
ionic character has been attributed to the N-S bond in different 
N-arylsulphimides(e.g. 58% ionic character has been assigned to the 
p-nitrophenylsulphimide which is compound II in this thesis).
We can thus say that sulphimides in general could probably be 
described as dipole stabilized, but the actual extent of that contribution 
for each compound remains to be determined.
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From the structure analysis of I and II it seems that a possible 
direct correlation between basicity and nucleophilicity could exist 
in these compounds, while the slight non-coplanarity already mentioned 
j^9.6°  and 7 .3 ° in I and II respectively, between the least-squares 
planes representing the aromatic ring and the C (l), N (l), S group of 
atoms is not prominent enough to impose any steric constraints.
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THE CRYSTAL AND MOLECULAR STRUCTURES OF THREE YLIDES
OF THE FORM
(H „Q 0t  FT -  R2 V /
C = C
COPh ^NcO Ph
II I  R = CgH^NC^ (Phthalimido)
IV R = C H X I
6  4
V R = C5H4N (Pyridyl)
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3.3 Experimental and Results for III
0
PhCO COPh
Dimethylsulphonium 1,2-dibe.nzoyl-2-(phthalimidoimino) ethylide.
Preparation of Crystals
The title compound (111) was prepared by the published procedure
33described by Gilchrist^' (1976). Pure crystals were made by crystallization 
from a mixture of the solvents tetrachloromethane, acetone and toluene.
The structure was substantiated by I.R (1720, 1785 and 1685 cm ,^ in 
CH2CI2) and by mass spectrum analysis: m/e, 456(M ) ,  44I(M -1 5 ), 
and 394 (M - (C H ^ S )*
Crystal Data 
Molecular Formula 
Molecular Weight 
Crystal System 
Unit Cell Dimensions
Unit Cell Volume
Number of Molecules per Unit Cell 
Calculated Density
C26H20N2 ° 4 S 
456,52 a.m .u.
Orthorhombic
a = 13.548(3) X 
b = 29.591 (5 )  2 
c = 12.418 (2 )  2 
V = 4978.36 2 3 
Z = 8
D -  1.30 g.cm c
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Number of Molecules per Asymmetric Unit N = 2
Space Group 
Equivalent Positions
?2{2 f { (D2 , No 19) 
x ,y ,z
i  -  X, -y , 5 + z 
i  + x, i  -  y, -z 
“X, i  + y, i  -  z 
|-L = 1.61 cm ^
F(000) = 2032
Hilger and Watts Y290 
M0 -  Ka y =  0.7I069A  
Graphite Monochromator
Linear Absorption Coefficient 
Number of Electrons per Unit Cell 
Data Collection 
Diffractometer Used 
Radiation Used 
Filter
Upper Limit for Data Collection 
Number of Observed Independent 
Reflections 
Unobserved Cut-Off 
Number of Parameters Refined 
Number of Reflections per Parameter
Structure Determination and Refinement
The crystal structure was solved in space group P2^2j2j (from 
systematic absences in the diffraction data) with two molecules in the 
asymmetric unit#400 e | values y 1.43 with 6000 Y. ^ P^ase 
relationships were used in the MULTAN program (version 1976) to
cos 29 = 0.970m
29 — 60°max
m — 3209 
2.5 Oj;
n = 612 
m/n — 5.24
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produce 32 sets of solution of which that with the highest ^combined 
figure of merit^proved to be correct (5.7 | e | values per atom and 
15 Z  2 relations per | E j value). The positions of 42 nonhydrogen 
atoms were located in the E-map and the remaining 24 were revealed 
in difference syntheses evaluated after successive cycles of isotropic
I east-squares, which converged to R and R factors of 0.144 and 0.186w
respectively. The different parameters used with 'MULTAN' are summarized 
in Table 3 .3.1. Since the hemisphere of reflections chosen by 'MULTAN' 
differs from the data set collected (h, -k , I)  the proper phase 
relationship is given in Table 3.2.1 also. A difference synthesis
minimizing the function
M • lFJ
evaluated after the 17th cycle of refinement
.2 revealed four diffuse maxi ma of 1.05 -  1.22 e X 
which stereochemical I y corresponded to the molecular structure of acetone 
used to prepare the crystals (crystallization solvent). The absence of 
the solvent molecules from the structure factor calculations could be 
indicated by systematic discrepancies between the observed and calculated
structure amplitudes ( Fo > Fc ) which became more obvious at low
angles (sin 9 j  X = 0.08 -  0 .2). Additional 9 cycles of block 
diagonal least-squares (allowing the positional and thermal parameters of 
the atoms of the acetone molecule to vary isotropically) were sufficient 
to bring the refinement to convergence. R and R^ were 0.055 and 
.0.071 respectively and the standard deviation of an observation of unit 
weight was 2 .39 . All parameter shifts (not including the overall
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temperature factor and scale factor shifts which were ~  0 .7 7 ( f )  did 
not exceed 0.25 ( f  , the average shift/error being equal to 0.05.
The weighting scheme applied (after the 17th cycle of refinement) was 
of the Cruickshank type w  ^ = 15.020 -  0.9823|FoJ+ 0.04o|Fo|
Fo < 9.19. A finalfor [Fq| > 9.19 and w = I/ I  1.2359 for
analysis showed no systematic deviations from an approximately flat
2
distribution of w A  with [ F J. A detailed description of the 
course of refinement is given in Table 3 .3 .2 . Hydrogen atoms were
introduced as fixed contributors U,. , = 0.051 X 2 (iso) at calculated
positions. No attempt was made to apply absorption corrections.
The final three dimensional difference Fourier synthesis revealed no errors 
in the model. Scattering factors for the C, N , O , and S atoms were 
taken from Cromer and Mann (1968) and those for H from Stewart et al 
(1965). Final values for the calculated and observed structure amplitudes 
with the appropriate phases are given in the supplement to this thesis. 
Figure 3.3.1(a) is an 'ORTEP' drawing of the molecules and defines 
the atomic numbering scheme.
Figure 3.3.1(b) shows the molecular packing viewed along c .
Final atomic coordinates, thermal parameters and esdjs, bond lengths, 
valence angles and other relevant data is listed in Tables 3.3.3(a,b  
and c) and 3 .3 .4 (a ,b ,c ) to 3 .3 .6  respectively.
-  110 -
Table 3.3.1
SUMMARY OF THE CONDITIONS (INCLUDING VARIOUS FIGURES OF 
INTEREST) ASSOCIATED WITH SOLVING THE STRUCTURE OF III.
In this table:
's chosen to define the structure.1. NE -  is the number of the largest
2. NSRT -  is the number of Z  2 relationships be retained.
3. NSRTT -  is the total number of Z  2 relationships.
4. PROB -  is the probability acceptance limit chosen for Z  j-
5 . NSPEC -  is the number of special phases (permutations restricted to
0 spec, 0 spec + 180°).
NGEN -  is the number of general phases (phase permutation 45°, 
135°, 225°, 315°).
NANY -  is the number of phases of either sort.
6 . NSET -  is the total number of phase sets that have been developed.
7. PUB -  is the published phase.
8 . NAT -  is the number of nonhydrogen atoms in the asymmetric unit.
9. ABS FOM, PSI ZERO, RESID and CFOM are all figures of merit.
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Table 3 .3 .3  (a ,b / c /d)
4
(a) Fractional atomic coordinates (x 10 ) of non-hydrogen atoms with
e.s.d.'s in parentheses. The table shows:
ATOM X /A  Y/B Z /C
°2 3
(b) Anisotropic thermal parameters (A , x 10 ) of non-hydrogen atoms
with e.s.d.'s in parentheses. The table shows:
ATOM Ujj U22 U33 Uj2 Uj3 U23
(c) Fractional atomic coordinates (x 10^ ) of the hydrogen and solvent 
atoms. The hydrogens are numbered according to the atoms to which 
they are attached.
°2 *3
(d) Isotropic thermal parameters (A x lO'") of the hydrogen and solvent
atoms. The table shows:
ATOM U,. . .(iso)
t
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Table 3 .3 .4 (a ,b ,c)
(a) Interatomic distances (A) with e.s.d.'s in parentheses.
(b) Interbond angles (in degrees) with e.s.d.'s (degrees) in parentheses.
(c) Selected torsion angles (degrees) with e.s.d.'s (degrees) in parentheses. 
A torsion angle A - B - C - D  is considered to be positive if when 
viewed down the B-C bond the A-B bond will eclipse the C-D
bond when rotated less than 180° in a clockwise direction.
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Table 3 *3«4(c )
0(3) -0(4) - 0 (21) - 0 (22) 51.1 (9)
C(5) -0(4) - 0 (21) - 0 (22) -136.5 (6)
C(ll) - 0 (10) -0(24) -0(23) 12.6(9)
C(I6) -0(17) -0(18) -0 (4 ) 7.5 (14)
0 (3 ) -0(19) - 0 (20) -0(13) -5 .7  (15)
C(4) - 0 (21) - 0 (22) -C(23) -175.6 (6)
C(4) - 0 (21) -C(22) -S(l) 12.8 (8)
0 (1) - 0 (21) -C(22) -0(23) 5 .4 (9 )
0 (21) - 0 (22) -C(23) -0(24) -1.7(5)
C(2I) -C(22) -C(23) -N(2) 178.8(6)
S(D -C(22) -C(23) -0(24) 169.7(4)
S(l) -C(22) -C(23) -N(2) -9 .8  (8)
C(23) - 0 (22) -S(D -0(26) 59.1 (6)°
C(22) -C(23) -0(24) - 0 (10) 81.8 (7)
0(29) -C(30) -0(47) -0(48) -44.8 (9)
0(31) -0(30) -0(47) -0(48) 135.0 (7)
C(36) -0(37) -C(38) -0 (7 ) -0 .2  (13)
0 (8) -0(39) -0(40) -C(33) 2.5 (13)
C(30) -0(47) -0(48) -0(49) 174.6 (6)°
0(47) -0(48) -0(49) -C(50) 10.8 (5)
0(49) -0(48) -S(2) -0(52) -60.5 (6) °
0(47) -0(48) -0(49) -N(4) -173.2 (6)
S(2) -0(48) -0(45) -0(50) -163.3 (5)
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5(2) ~C(48) -0(45) -N(4) 12,8 (8)
0(48) -0(45) N(4) -N(3) -174.0 (5)
c m -0(45) -0(50) -0 (6) 90.9(8)
0(49) -C(50) -0(44) -0(43) -6 .4  (5)
0(44) -C(50) -0(49) -0(48) -91.3 (7)
0(18) -N (l) -N(2) -C(23) -94.2 (7)
0(15) -N (l) -N(2) -C(23) 113.5 (7)
N(l) -N(2) -C(23) - 0 (22) 175.0 (5)
0(38) -N(3) -N(4) -0(49) 95 .4 (7 )°
3 .3 .4  (c) -  (continued)
-  129 -
Table 3.3 .5
o
A . Selected Intramolecular non-bonded distances ( <( 4 .0  A )
C(3) . . .  C(22) 3.18 C(30) . . .  S(2) 3.08
C(3) . . .  0(1) 3.53 C(38) . . .  C(49) 3.20
C(3) . . .  S(l) 3.17 C(38) . . .  C(50) 3.36
C(4) . . .  S(l) 3.03 C(39) . . .  C(44) 3.86
C(5) . . .  0(1) 2.84 C(39) . . .  C(49) 3.34
C(ll) . . .  0 (3 ) 3.51 C(39) . . .  C(50) 3.62
C(I3) . .  0 (3) 3.16 C(43) . . .  0 (5) 3.52
C(I8) . .  C(23) 3.18 C(43) . . .  C(48) 3.67
C(I8) . . .  C(24) 3.34 C(43) . . .  C(49) 2.96
C(I8) . . .  0 (2 ) 3.15 C(44) . . .  C(48) 3.47
C(I9) . . .  C(23) 3.36 C(44) . . .  0 (5) 2.95
C(I9) . . .  C(24) 3.57 C(4 7) . . .  C(50) 2.95
C(21) . . .  C(24) 2.93 C(50) . . .  0(5) 2.58
C(23) . . .  0(1) 2.82 C(50) . . . 0 ( 7 ) 3.59
C(23) . . . 0 ( 4 ) 3.35 C(50) . . .  N(3) 2.67
C(24) . . .  N(l) 2.66 0(3) . . .  N(2) 2.87
C(24) . . .  0 (4) 3.59 S(l) . . .  N(2) 3 .0
C(24) . . .  0(1) 2.54 S(2) . . .  N(4) 2.97
C(29) . . .  S(2) 3.09
B. Selected intermolecular distances ( <( 4 .0  A)
C(3) . . .  C(25)' 3.53 C(55) . . .  C(20)n 3.78
0(3 ) . . .  C(45)U 3.46 C(55) . . .  0 (8)*'' 3.39
C(54) . . .  C(7)H 3.94 0(9) . . .  C(6) 'v 3.20
C(54) . . .  C(8)" 3.93 0(9) . . .  C(35)v 3.31
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Roman numeral superscripts refer to the following equivalent positions 
relative to the molecule at (x ,y,z):
0) i  + * ,  i  -  y, I -  z (Sv) 2 -  x , i  + y7 3/2 -  z
(ii) x ,y ,z  (v) 5/2 -  x , I -  y, i  + z
(Hi) x ,y , I + z
Table 3 .3 .5  -  (continued)
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Table 3 .3 .6  
LEAST-SQUARES PLANES
Planes are in the form of AX + BY + CZ -  D = 0 where X , Y  
and Z refer to an orthogonalized set of axes. D is the perpendicular 
distance from the plane to the origin and A , B and C refer to the 
components of unit vector normal to the best plane. An asterisk
denotes atoms used to define the plane.
A .
(1) Equation of the plane
-0.4387X + 0.8844Y -  0.I595Z -  2.2012 = 0
2
5^  =16.66  with one degree of freedom,
o
The deviations (A) of the atoms from the plane are:
C(I0)* 0.007(6) C(ll) 0.3158(7)
C(23)* 0.006 (6) C(9) -0.2716(8)
C(24)* -0.022 (6)
0 (2 )*  0.005 (5)
(2) Equation of the plane
-0.5487X -  0.39I5Y + 0.7387Z + 3.6880 = 0
^ 2 = 0.94
o
The deviations (A) of the atoms from the plane are:
C(4)* 0.002 (6) S(l) 0.360 (2)
C(2I)* -0.005 (6) C(23) -0.099 (6)
C(22)* 0.001 (6) N(2) -0.114 (5)
0 (1)* 0.001 (5) C(24) -0.176 (6)
C(3) -0.895 (7)
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(3) Equation of the plane
-0.5404X -  0.3344Y + 0.772IZ +2.9198 = 0 
o
The deviations (A) of the atoms from the plane are:
C(23)* 0.0 S(D 0.281 (2)
C(24)* 0.0 C(22) 0.011 (6)
N(2)* 0 .0 C(2I) -0.015 (6)
N(l) 0.101(5)
(4) Equation of the plane
0.582OX -  0.3483Y + 0.7348Z -  5.7992 =  0 
o
The deviations (A) of the atoms from the plane are:
C(49)* 0 .0 C(48) 0.085(6)
C(50)* 0 .0  S(2) 0.516(2)
N(4)* 0.0
C(47) -0.058(6)
B. Dihedral angle between planes (1) and (2) is 102.9°, between (2) 
and (3) is 3 .8 ° and between (1) and (3) is 100.5°.
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Figure 3.3.1 (a and b)
(a) A general view of 111 (without hydrogens) giving the atomic 
numbering scheme for both molecules in the asymmetric unit 
(molecules A and B).
(b) The molecular packing of 111 viewed along the short axis c.
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C/3) ° (5)
(a )
1 1 1
Discussion of III
The main features of the conformations and geometries of the 
two molecules (A and B) of betaine III are illustrated in Figures 3.3.1 
and 3 .3 .2 .
The spatial arrangement about the tricoordinated sulphur atom is 
pyramidal (or tetrahedral if the unshared electron pair is considered), 
the mean values of the pyramidal valency angle being 106.2° for A 
and 105.7° for B. The central frameworks of both molecules i.e .  
atoms N (2), C(24), C(23), C(22), C(2I) and S(l) in molecule A , and 
atoms N (4), 0(50), C(49), C(48), C(47) and S(2) in molecule B 
deviate slightly from planarity, as indicated by the torsion angles in 
Table 3 .3 .4 (c). However, whereas in molecule A , the deviation from 
planarity results mainly from the sulphur atom which is significantly 
distant from the plane of atoms C(2I), C(22), C(23), C(24) and N(2), 
in molecule B the deviations from planarity are less localized.
This latter observation is possibly indicative of different environments 
capable of imposing slightly different steric constraints. There is pronounced 
torsional movement of the benzoyl rings, ^C(l), C(2), C(3), C(4), C(5), 
C(6) in A and C(27), C(28), C(29), C(30), C(3I), C(32) in Bj 
resulting in torsion angles of C(2) -  C(4) -  C(2I) -  C(22) [51.1(9)°!] 
and C(29) -  C(30) -  C(47) -  C(48) [-44.8(9)°] in A and B respectively.
This twisting along the C(carbonyl) -  C(ring) bonds seems likely to be 
mainly dictated by the non-bonded intramolecular repulsive interactions
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74
7
-  I38 -
which would otherwise exist between the dimethyl-sulphur groups and -  
the nearest atoms of the benzoyl rings. The staggered position of the 
two methyl groups (with respect to central C-C bond) pointing away 
from the ring is also a manifestation of these repulsions.
The out-of-plane deformations exhibited by the sulphur atoms 
could .also be explained in terms of the same stereochemical arguments 
though these deformations would be expected to be small in view of 
the relative rigidity of the central framework of both molecules.
Since chemically, it is unlikely for the second benzoyl group 
[c(7), C(8) ,  C(9), C(I0), C (ll), C(I2), C(24 and 0 (2) in A and C(4I), 
C(42), C(43), C(44), C(45), C(46), C(50) and 0(6) in B j to be 
involved in any resonance interactions which might stabilize the betaine, 
the stereochemical arrangement would be expected to correspond to one 
which could remove any appreciable molecular strain. Therefore in 
both molecules these benzoyl groups are very close to being perpendicular 
to the central framework of the molecule. A slight but apparent twisting 
of the carbonyls with respect to the ring is also observed in these 
benzoyl groups (Table 3 .3 .4c).
The adopted conformation of the phthalimido groups, reflected by 
the C(I9) -  N(l) -  N(2) -  C(23) [ l l3 .5 (7 )° ]  and C(39) -  N(3) -  N(4) -  
C(49) [-116.4(6)°] torsion angles in A and B respectively seems to be 
determined by the relative positions of the carbon atoms £ C(I8) and C(I9), 
C(38) and C(39)J with respect to the atoms in the 'neighbouring' 
benzoyl group ["e.g. atoms C(IO), C (ll), C(23), Q 24), 0(2) and H(II)
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in molecule A J as is evident from the non-bonded intramolecular
contacts (Table 3 .3 .5 ).
Figure 3 .3 .2  seems to indicate a similar bonding pattern in both
molecules. Moreover, a systematic comparison between the chemically
64equivalent bonds, using Cruickshank's t-test did not reveal any
significant difference between them.
The near trigonal geometry at the central C-C bond (Figure 3 .3 .2)
o o
and the corresponding bond lengths of l.434(8)A and l.427(9)A in A
and B respectively ^weighted mean 1.43I(3)A Jwhich are shorter than
67 2 2 ®the expected C(sp ) -  C(sp ) single bond length (1.48 A in butadiene,
68 2 2biphenyl etc.) and appreciably longer than the accepted C(sp ) -  C(sp )
double bond £ l.337(5)A in ethylene J seems to suggest double bond
character at the C-C central bond. Similarily a high degree of IT-bond
o
character can be attributed to the N(2) -  C(23) [  1.309(8)A]and
o
N(4) -  C(49) [  1.305(8)A] bonds which compare with the carbon-nitrogen
bond length found in formamide^ [ l . 322(3) A] and comparable systems
£e.g . 1.303(5), ref. 70^ . The C( sp^ ) -  N(sp^) double bond in
°  71formaldoxine F^C = N -  OH is given as 1.276 A
o
The C(2I) -  C(22) [  1.424(8) A] and the C(47) -  C(48) bonds 
o
[ l . 432(8) A J are both comparable (within experimental error) with the
C-C central bonds 1.434(8) and 1.427(9) respectively, while the
o o
C(2|) -  0(1) [1.250(8) A ] and C(47) -  0 (5) [ 1.222(8) A ] bonds reveal
o
a slight lengthening when compared to the bonds C(24) -  0 (2) [l.206(7)A3
o
and C(50) -  0 (6) [  1.191(8) A ] .
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These observations are in keeping with an extended TX -bond
system in which a formal negative charge on a nitrogen atom is being
o
delocalized into a benzoyl group. The S(iv) -  C(22) [ l . 747(6) A ]
o o
and S(iv) -  C(48) [ 1.730(6) A ] bonds [ mean value, 1.738(9) A ) ]
70 ^compare well with an analogous system [ 1.721(4) A] and with bonds 
a 72 o
of length 1.730(8) A (Christensen and Witmore, 1969) and l.707(5)A
73(Christensen and Thom, 1971) . These bonds are shorter than the
r  o © 0
lengths^ 1.772(2) A, 1.769(8) A and 1.799(8) A -  mean weighted value
°  1 2 31.77(1) A I postulated for the C(sp ) -  S(sp ) single bond (Cameron,
40 74Duncanson & Morris, 1976 ; Kalman, Duffin & Kucsman, 1971 ) ,
o
but are significantly longer than the bond length of 1.645(6) A suggested
2 75 rfor a nearly 'localized' C(sp ) -  Sulphur double bond # The sum of
°  50 3 3
Pauling's covalent radii is 1.81 A and the C(sp ) -  S(sp ) bond
length in dimethylsulphide is 1.809(5) A
However, as mentioned in the overall discussion of the previous
analyses (for sulphur-nitrogen bonding) the existence of appreciable
double bond character between the ylide carbon and sulphur can not be
supported from the combined structural studies mentioned so far though,
in the valence-bond notation the best approximation of the molecular
structure might contain in it both polar (ylide) and covalent (ylene)
contributions (Figure 3 .3 .3 ).
The lengthening of the C(23) -  C(24) [  1.527(9) a ]  and 
.  o
C(49) -  C(50)L 1.545(9) A ] bonds in molecules A and B respectively is
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c c
Figure 3 .3 .3
interesting (the bond length expected might rather have been similar
2 2 . °  to a typical C(sp ) -  C(sp ) single bond of c .a . 1.48 A ) . However,
2 2 ra calculated average C(sp -  Cfe p ) single bond of 1.485(7) from the
C(I0) -  C(24) and C(4) -  C(2I) single bonds would differ from the
C(23) -  C(24) bond by 3 .7  Cf . Applying a similar test to molecule B
would produce a difference of 3.3 O' • Though systematic in trend
but not high enough as to indicate a significant difference (taken as )> 4 ( f  )
this bond discrepancy does become significant in other betaine molecules
when the same test is applied. It should be noted that steric influences
do exist whereby atoms C(24) and C(50) exhibit a considerable number
of short intramolecular contacts (Table 3 .3 .5 ).
The spatial geometry and bond lengths of the phthalimide group
reveal no unusual features and are comparable to other models which
76 77have been described elsewhere ' (Andreetti, Bocelli, Coghi and 
Sgarabotto, 1974, 1975; Apreda et a l , 1978).
Other dimensions within the molecules are as expected although the 
peripheral ring atoms in both molecules appear to,show large thermal
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motion which results in a corresponding bond shortening.
Apart from the short contacts already pointed out some other 
contacts are given in Table 3 .3 .5 . There are no abnormally short 
intermolecular distances and as can be seen from the packing diagram 
(projection along the short cf axis) presented in Figure 3.3.1b the 
solvent molecules (acetone) which have crystallized with the betaine 
molecules seem to be held by the van der Waals' interactions in 
cavities formed by stacks of pairs of betaine molecules arranged along 
the c" axis.
3 .4  Experimental and Results for IV
( h 3o ^
\
\/
PhCO COPh
I V
Dimethylsulphonium 1,2-dibenzoyl-2-(4-chlorophenylimino) ethylide. 
Preparation of Crystals
The title compound (IV) was prepared by the published procedures
30described by Claus and Vilsmaier (1975) for N-aryl-sulphimides and 
33by Gilchrist (1976) for betaines. Pure crystals were prepared by 
successive crystallizations from 'hexane-dichloromethane'.
Sulphimide + PhCO -  C ^ = C  -  COPh IV
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Crystal Data 
Molecular Formula 
Molecular Weight 
Crystal System 
Unit Cell Dimensions
Unit Cell Volume
Number of Molecules per Unit Cell
Calculated Density
Number of Molecules per 
Asymmetric Unit
Space Group
Equivalent Positions
Linear Absorption Coefficient
Number of Electrons per Unit Cell
Data Collection
Diffractometer Used
Radiation Used
Filter
Upper Limit for Data Collection
C24H20Q n ° 2S 
421.95 a.m .u. 
Monoclinic
a = 8 .1 5 7 (2 ) S
b = 16.741 ( 3 ) i
c = 15.859 ( 5 ) X
13= 103.15(3)°
V = 2108.86 X 3
Z  =  4
-3 D = 1.33 g.cm c
N = I
PV c(C2h ' No l4)
x,y ,z
-x , i  + y , i  -  z 
|X = 2.94 cm  ^
F (000) = 880 
Hilger and Watts Y290 
-  Ka , \ =  0.71069o
Graphite Monochromator
cos2 29 = 0.970m
29 = 60°max
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o 
<
Number of Observed Independent Reflections m = 2324
Unobserved Cut-Off 2 .5  0^
Number of Parameters Refined n = 343
Number of Reflections per Parameter m/n = 6.8
Structure Determination and Refinement
The crystal structure was solved in space group P2j/c by direct
methods using the multisolution program 'MULTAN' (version 1974).
The trial phasing model was derived using 250 reflections with| E Jvalues
greater than 1.55 and 2000 ]T ^ phase relationships (8.6 reflections per
atom and 8 phase relationships per reflection). The positions of 27 atoms
were clearly established from the E-map produced, and the missing 2
atoms were located by a conventional structure factor and difference
electron density calculations. R and R at this stage were 0.232 and ' w
0.235 respectively. The various parameters used with 'MULTAN1 are 
summarized in Table 3.4.1. The refinement was carried out by the block
diagonal least-squares method. The function minimized was Y. w (
I 2
with final weights of w = 1.6630 -  0.0837 F | + 0.0020 J F^ J and
w =1/1.5220 for | F | > 6.91 and Jf J^ < 6.91 respectively.
Parameter shifts in the last cycle of refinement were only a small fraction
of their standard deviations, the maximum one being equal to 0.19 or
its CT . The final conventional and weighted R factors were 0.040
and 0.050 and the standard deviation of an observation of unit weight
was equal to 1.19.
F -ol Fc
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Alternate least-squares refinements with variable anisotropic thermal 
parameters and difference Fourier syntheses yielded the coordinates for 
all the 20 hydrogen atoms and consequently their positional and isotropic 
thermal parameters were allowed to vary during the last 6 cycles of the 
refinement. There were no significant residual peaks in the final 
difference Fourier, the highest peak having an electron density of
° -30.3 eA . No absorption correction was applied.
A detailed description outlining the different stages in the 
refinement process is given in Table 3 .4 .2 . The atomic scattering factors 
for C, N , O f  Cl and S atoms were those given by Cromer and Mann (1968), 
and the one for H were those given by Stewart et al (1965).
Values for the observations, the calculated structure amplitudes and 
phases are given in the supplement to this thesis. Final atomic coordinates f 
thermal parameters, bond lengths, valency angles and torsion angles with 
e.s.d .'s are all given in Tables 3 .4 .3  to 3 .4 .5 . The molecular and 
crystal structures are shown in Figures 3.4.1(a) and 3.4.1(b) which 
include the atomic numbering scheme.
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Table 3.4.1
SUMMARY OF THE CONDITIONS (INCLUDING VARIOUS FIGURES OF 
INTEREST) ASSOCIATED WITH SOLVING THE STRUCTURE OF IV .
In this table:
1. NE -  is the number of the largest] E | 's chosen to define the structure.
2 . NSRT -  is the number of Z  ^ relationships to be retained.
3. NSRTT -  is the total number of Z  2 relationships.
4 . PROB -  is the probability acceptance limit chosen for Z
5 . NSPEC -  is the number of special phases (permutations restricted to
0 , 0  + 180°). spec spec
NGEN -  is the number of general phases (phase permutation 45°, 135°, 
225°, 315°)
NANY -  is the number of phases of either sort.
6 . NSET -  is the total number of phase sets that have been developed.
7. PUB -  is the published phase.
8 . NAT -  is the number of nonhydrogen atoms in the asymmetric unit.
9. ABS FO M , PSI ZERO, RESID and CFOM are all figures of merit.
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Table 3.4.3(a ,b ,c ,d)
. . .  4(a) Fractional atomic coordinates (x 10 ) of non-hydrogen atoms with
e.s.d.'s in parentheses. The table shows:
ATOM X /A  Y/B Z /C
°2 3
(b) Anisotropic thermal parameters (A x 10 ) of non-hydrogen atoms 
with e.s.d.'s in parentheses. The table shows:
ATOM Un U22 U33 U|2 U|3 U23
3(c) Fractional atomic coordinates (x 10 ) of hydrogen atoms with
e.s.d.'s in parentheses. The hydrogens are numbered according
to the atoms to which they are attached.
°  2 2(d) Isotropic thermal parameters (A x 10 ) of hydrogen atoms with
e.s.d.'s in parentheses. The table shows:
ATOM U,. n.
( iso)
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Table 3 .4 .4 (a ,b ,c )
(a) Interatomic distances (A) with e.s.d.'s in parentheses. The 
hydrogen atoms are numbered according to the atoms to which 
they are attached.
(b) Interbond angle (degrees) with e.s.d.'s (degrees) in parentheses.
(c) Torsion angles (degrees) with e.s.d.'s (degrees) in parentheses. 
A torsion angle A-B-C-D is considered to be positive if when 
viewed down the B-C bond the A-B bond will eclipse the C-D 
bond when rotated less than 180° in a clockwise direction.
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Table 3 .4 .5
A . Selected intramolecular non-bonded distances ( <( 4 .0  X ) .
C(4)
C(4)
C(5)
C(5)
C(8)
C(8)
C(8)
C(8) 2.93  
C(9) 3.38 
C(8) 2 .97  
C(9) 3.42 
C(I6) 2.90  
0(2 ) 2.54  
H(51) 2.58
C(S)
C (9)
S(D
S(D
S(l)
S(D
C(I4)
C(I5) 
0 (2) 
C(I7) 
C(I8) 
N(l) 
H(I8I) 
C (7)
B. Selected intermolecular distances ( 4 . 0 A )
C(l) . . .  C(24)' 3.44
C(2) . . .  0(24)' 3.50
C(2) . . .  a (1)” 3.55
C(2) . . .  0 (1) '" 3.15
0(3) . . .  0 (1)" ' 3.29
0 (12) .. a (I)!v 3.49
Roman numeral superscripts refe
relative to the molecule at (x,
(i) x » 3/ 2 -  y » ■ 1/2 + z
(ti) l -
X1CNX -z
(it!) l + X, y , z
(tv) -x« - 1/2 + y , -  1/2 -  z
3.56
3.11
3.10
3.14
2.98
2.83
2.97
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Figure 3 .4 .1(a and b)
(a) A general view of IV giving the atomic numbering scheme. 
Hydrogen atoms are numbered according to the atoms to which 
they are bonded.
(b) The molecular packing of IV viewed along the short axis a .
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csin(3
(b)
Discussion of IV
The general features of the molecular conformation of IV as shown 
in Figure 3.4.1 indicate a close similarity with molecule III (A or B) 
which is expressed in terms of i) the nearly planar arrangement along 
the central C-C bond the torsion angles N(l) -  C(7) -  C(l5) -  S(I),
N(l) -  C(7) -  C(l5) -  C(I6) ,  C(8) -  C(7) -  C(l5) -  S(l) and C(8) -  
C(7) -  C(I5) -  C(I6) being equal to 2 .5 (5 )°, -173.7(3)°, -174.2(2)° 
and 9.6(5)° respectively , ii) the staggered position of the methyl 
groups with relation to the C(7) -  C(I5) bond and iii) the pronounced 
twisting of the benzoyl ring (corresponding benzoyl group -  geminal to 
the sulphur atom) along the C(carbonyl) -  C(ring) bond £ C(I5) -  C(!6) -  
C(I7) -  C(I8) being equal to 46.6(5)° . However the dihedral angles 
C(I5) -  C(7) -  C(8) -  C(9) [-109.5(3)°] and C(7) -  N(l) -  C(4) -  C(5) 
[ 38 .2 (5 )°] and the valency angle C(7) -  N(I) -  C(4) [ |2 5 .6 (3 )° ]  
do differ significantly from the same parameters given for molecule III 
£ e.g.  for molecule III B the values given for the torsion angles 
C(48) -  C(49) -  C(50) -  C(44) and C(38) -  N(3) -  N(4) -  C(49) and 
the valency angle C(49) -  N(4) -  N(3) are equal to -91.3(7)°, 95.4(7)° 
and 114.4(5)° respectively . This phenomenon which presumably can be 
ascribed to the fact that the groups attached to the dicoordinated 
nitrogen atom in both molecules are different (C^H^Cl group in contrast 
to a phthalimido group) signifies a slightly different way in which the 
betaine molecule can adopt a conformation of minimal strain.
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The bond lengths and angles Table 3.4.4(a) and Table 3.4.4(b) 
do (within experimental error) compare well with the chemically 
equivalent ones given for molecule III (Figure 3.3.2) .  As already
mentioned in the previous section (3 .3 ), there seems to be an appreciable
2 2 °  lengthening in the C(s p ) -  C(sp ) C{7) -  C(8) bond length [1.537(4) A ] ,
o
Comparing the average C(carbonyl) -  C(ring) bond of length l.49(l)A
o
with the given value [ 1.537(4) A ]  indicates a difference of 4 .4  O' 
(Cruickshank t-test) which could be considered significant.
Selected intramolecular and intermolecular distances are given 
in Table 3 ,4 .5  though there are no unusually short contacts. The 
molecular packing of IV conforms to one with normal van der Waals* 
separation? and does not seem to possess any marked characteristic.
3 .5 Experimental and Results for V
( h 3c )2s
PhCO V
Dimethylsulphonium 1,2-dibenzoyl-2 -(2 -pyridylimino)ethylide 
Preparation of Crystals
N-2-pyridyl-S ,S-dimethylsulphimide was first prepared by the
30
published procedure described by Claus and Vilsmaier (1975). The pale
yellow oily product (which contained the sulphimide) then reacted with 
33dibenzoylacetylene to give a mixture of products from which the title 
compound (V) was isolated by layer chromatography, (eluent: acetone-
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chloroform 1:3). Pure crystals of the betaine were prepared by 
crystallization from 'acetone-p.ether* as well as from ethanol. 
Sulphimide + PhCO -  C === C -  COPh V
Crystal Data 
Molecular Formula 
Molecular Weight 
Crystal System 
Unit Cell Dimensions
Unit Cell Volume
Number of Molecules per Unit Cell 
Calculated Density
Number of Molecules per Asymmetric Unit 
Space Group 
Equivalent Positions
Linear Absorption Coefficient 
Number of Electrons Per Unit Cell 
Data Collection 
Diffractometer Used
C23H20N2 ° 2 S 
388.49 a.m.u.  
Monoclinic 
a = 8 .0 9 2 (2 ) 2 
b = 16.365 (3 )  2 
c = 15.068 ( 3 ) 2 
13 = 92.50 ( 3 )°  
V = 1993.49 % 3 
Z = 4 
_3 
D = 1.29 g.cm c
N = I 
P2,/n 
x ,y ,z
i + x ,  i - y ,  i + z  
|JL = 1.73 cm  ^
F(000) = 816 
Hilger and Watts Y290
Radiation Used Mq -  Ka , X  = 0.71069
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Filter Graphite Monochromator
0.970cos  ^ 20m
20 = 58'maxUpper Limit for Data Collection
Number of Observed Independent
Reflections m = 1223
Unobserved Cut-Off 2.5
Number of Parameters Refined n = 254
Number of Reflections per Parameter m/n = 4.8
Structure Determination and Refinement
The space group P^j/n was uniquely identified from the systematic 
absences in the diffraction data. The crystal structure was solved by the 
routine application of direct methods ('MULTAN1 -  version 1974). An 
E-map derived from the best solution revealed the locations of 27 
nonhydrogen atoms (out of 28), the missing atom being located by a 
difference Fourier map phased on those 27 atoms.
The various parameters used with 'MULTAN' are listed in Table 3.5.  
The reflections used with 'MULTAN' do not correspond to the reflections
in the data set collected (h > -h, 0 ----- > -k , 0 -----> - I ) ,  a fact
which evolves from 'MULTAN' choosing a hemisphere in which every 
first non zero index in all the reflections is positive. The phase relation 
in this case is:
0  (hkl) = 0 (hkl) + n; (h + k + I)
Refinement of the structure by the block diagonal least-squares method
minimizing the function Y  w( ) was carried out while
varying the positional and thermal parameters of the nonhydrogen atoms
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only. Hydrogen atoms were introduced at calculated positions using a 
o
distance of 1.0 A for the C-H bonds and U,. x of 0.051. The anisotropic(iso)
refinement converged at a conventional R of 0.048 and a weighted 
R(R ) of 0.065. The largest shift of any parameter during the final 
cycle of refinement was less than 0.28 of its estimated standard deviation.
°  “3A final difference Fourier map showed no feature greater than 0.19 eA
Unit weights used in the initial stages of the refinement, were
changed by a weighting scheme of the form w  ^ = 1.7270 + 0.1639 F 
2+ 0.0022 for < 8 .1.y 8.1 and w = 1/3.6431 for
The standard deviation of an observation of unit weight was 0.763 but
no systematic variation of w( ^  Fj versus F was observedo
in the fi nal analysis though the weighting scheme was derived prior to 
the stage where hydrogen-atom contribution to the structure factor 
calculations was considered. No absorption correction was applied.
A detailed description of the course of refinement is given in 
Table 3 .5 .2 . Scattering factors for C, N , O and S atoms were taken 
from Cromer and Mann (1968) and those for H from Stewart et al (1965).
The observed and calculated structure amplitudes with the appropriate 
phases are listed in the supplement to this thesis. Final values of 
positional and thermal parameters with their e.s.d.'s bonded and 
non-bonded distances with valency angles ana e .s .d .'s , and other relevant 
data are given in Tables 3 .5 .3  to 3 .5 .5 . Crystal structure illustrations 
obtained with the program 'ORTEP' (Johnson, 1965) and the labelling 
scheme that was used are given in Figures 3.5.1(a) and 3.5.1(b).
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Table 3.5.1
SUMMARY OF THE CONDITIONS (INCLUDING VARIOUS FIGURES OF 
INTEREST) ASSOCIATED WITH SOLVING THE STRUCTURE OF V .
In this table:
1. NE -  is the number of the largest | E J 's chosen to define the structure.
2 . NSRT -  is the number of Y  2 relationships *° ke retained.
3. NSRTT -  is the total number of X  2 relationships.
4 . PROB -  is the probability acceptance limit chosen for X  | .
5 . NSPEC -  is the number of special phases (permutations restricted
to 0  , 0  + 180°).spec spec
NGEN -  is the number of general phases (phase permutation 45°,
135°, 225°, 315°).
NANY -  is the number of phases of either sort.
6 . NSET -  is the total number of phase sets that have been developed.
7. PUB -  is the published phase.
8 . NAT -  is the number of nonhydrogen atoms in the asymmetric unit.
9. ABS FOM, PSl ZERO, RESID and CFOM are all figures of merit.
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Table 3 .5 .3 (a ,b ,c)
4
(a) Fractional atomic coordinates (x 10 ) of non-hydrogen atoms
with e.s.d .'s in parentheses. The table shows:
ATOM X /A  Y/b Z /C .
°2 3
(b) Anisotropic thermal parameters (A x 10 ) of non-hydrogen atoms 
with e .s .d .’s in parentheses. The table shows:
ATOM Ujj U22 U33 Uj2 UJ3 U23.
4
(c) Fractional atomic coordinates (x 10 ) of hydrogen atoms, with 
e.s.d .'s in parentheses. The hydrogens are numbered according 
to the atoms to which they are attached.
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3.
5.
3 
(a
)
4 i n c - r ' - L n x 4 X 4 L n 4 4 4 X 4 X 4
QOvDrr)rs-vDLD<j-r-ioo(\jLnrurv-coccr-.
i n w i  i l l  i
x 4 X  vO in co
r-*
CO CO 4 4 4 4 CO CO CO CO 4
a* 4 in x rH H rH X o rH C\J OJ X cvj0J O' 4
i rH CVJ 1 rH rH rH i
1 i 1 1
x 4 ■4- inin co CO CO CO 4 4  CO CO CO CO CO 4
LO •—* 00 O' O' co rH CO CO 4 CO x inCO o CVJ4
1 i— i rH 1 1 rH rH 1 1 1 1
I 1
rH r>* r*. r-v r-*. r-^ r^ . r**. r-»
in x rH 00 vO 4 in4 inX in inin4 4 4 LO
o  in O CO CO (V in00 o CO CVJCO co 4 O rH
X  O' v£} rH 00 4 X inh> O' r» x in4 in4 X
H rH
LO Ln X  f*-r- 4 4 4 in inin 4 4 4 4 4 Ln
w- XT'■“-r >—'•
4  in CO O 1-4 r- 4 O' CVJ CVJ X CO co in inCO
in in in 0-O' m 4 4 inh- h- inininin4 in
r-v
4  in X  X X  4 4 CO 4 4 ^ S 4 CO 4 4 4
x o o rH O' r-o CO r- rH O X o r>»X X CO4 r- 00 X  4 inCO CO 4 in n inCO 4 4 in
r*» r> •r. o rH CVJ CO4 in X 0-
rH OJ CO 4 in x 0- 00 O' rH rH rH rH rH rH rH rH
*«r Hr* w* w w T* '■r w
o  u u  u o  cj CJ <J o u O  O o o CJ o o
-  174
ininin4 r ,4  in4 CO CO CO rH>—* w w »-r >-r <«r
co rH X in r -  cvj 00O' in co in
l CVJ I rH
l
OJ 0J
i
rH
4 4 4 CO 4 4 CO CO OJ CVJ rH
•"T >-*• •>—r >-r w ««r «•«»
in rH inrH 00 CC 
1
rH rH CO X  
1
rH
1
4 in 4 CO CO 4 CO CO CO OJ rH1* *■—■"*r >-r 'w* >w> w-
rH rH o rH f"- 4 X 4 O' o rH
l rH 1 1 1 1 rH rH i
1 I
<s
in in in in in X  4 4 CO CO rH
O' 0J 4 in CO o rH in O' CO O'
4 in Is- in 0- O' O' X X  X in
r- in in inin 4 4 4  CO rH
>-r '■r >-r ■— ■*-r
c in X X X X O' rH O' in
X X X X X X r— in X  0-
inin4 4 4 in4 CO X X rH
(O O' X X 4 OJ o 4 CO X CVJr-r-X 4 inX X 4 X 4 4
rH «—I CVJ OJ (\J OJ rH CVJ rH (\J rH
c j o o o u o n z o o i n
HvO r-tOOOOCOvDLD no(vjr->tinr)r- icov£)  ojr\jco-4--4-o-—i \C0s O' in^t o j o j ' t no j o j ror ^
co <t O' O o rH vO >* rH
r - st (M '3- m O' CO rH rH
rvj CVJ O' sO r-H O' in o r—1CO
O' O' Is- vO in St in vD r - sD
oviH^ihfH(>co<-<fonf \ joNH(^tncj"Ooo\of ^ n o ' 0 <fvccovDLTiLr)C\j<fr^<i-fr)o^<i-ry-fs-*-t
» 0 0 0 ' 0 4 - v 0 ( v j ( \ j ^ o r ^ n o m N n ( M N > i ' ( n o
n 4 ^ n ( \ j W H O H H O H H o c r t o ( \ j o j t v ii i i
'u
C O
to
oino'oom' Ocon<HnO'f^tT'nvOO'tO'OCOH 0'(\Jv0 O H O l / 10' ' ts j - n i n v D o r H o a i n m
i
«—i CVJ O' o o rvj LO O ' rH Is-
O' o CVJ Is- n in O r - in OJ
vO r*- o 00 CVJ ino in C O
m >* m n Is- CO O' 00 O '
A  A  «  I—< r—i  r—i  r—\ t—A r—i  r—« r—I r—i  r—( (\J ff) f—f (\J
H r t r t H f - t o H t v i n N o o o ' O r H ( \ j ( \ j ( \ j n n n  
M f O ' ^ ’ LD o * - , , ~ * r v j o j ( \ j r v j { \ j f v j ( \ j f V j
x x x x x x x x x x x x x x x x x x x x
-  175 -
Table 3 .5 .4 (a ,b ,c)
o
(a) Interatomic distances (A) with e.s.d.'s in parentheses.
(b) Interbond angles (degrees) with e.s.d.'s (degrees) in parentheses.
(c) Torsion angles (degrees) with e.s.d.'s (degrees)in parentheses.
A torsion angle A-B-C-D is considered to be positive if when 
viewed down the B-C bond the A-B bond will eclipse the C-D 
bond when rotated less than 180° in a clockwise direction.
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Table 3 .5 .5
o
A . Selected intramolecular non-bonded distances ( <( 4 .0  A )
C(l) . . . C(I3) 3.58 C(9) . . . O(l) 2.85
C(2) . . . C(6) 3.07 C(I0) . . . N(l) 3.36
C(2) . . . 0 (1) 3.26 C(J4) . . . 0(17) 3.15
C(6) . . . 0(13) 2.95 C(I4) . . . 0 (1) 3.12
C(6) . . . C(23) 3.28 C(I5) . . . 0 (1) 3.31
C(6) . . . 0 (2) 2.80 C(2|) . . . 0 (2) 2.86
C(7) . . . C(l) 2.89 C(22) . . . N(2) 3.16
C(7) . . . 0 (2) 3.06 C(23) . . . N(2) 3.06
C(7) . . . 0(15) 2.92 N(2) . . . 0 (1) 3.25
C(7) . . . 0 (2) 2.57 S(l) . . . C(I6) 3.09
C(7) . . . H (21) 2.77 S(l) . . . 0(17) 3.19
C(8) . . . 0 (1) 3.28 S(l) . . . N(2) 3.01
C(8) . . . 0 (2) 3.58 S(l) . . . H(171) 2.86
C(8) . . . 0(14) 3.59
C(8) . . . N(2) 3.20
C(8) . . . 0 (2) 3.13
B. Selected intermolecular
o
distances ( ^ 4 .0  A)
C(4) . . . 0(17)' 3.86
C(5) . . . 0(16)' 3.51
C(5) . . . 0(17)' 3.49
C(5) . . . C(23)' ' 3.34
C(I2) . . C(2I)'' ' 3.60
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Roman numeral superscripts refer to the following equivalent positions 
relative to the molecule at (x ,y,7):
(i) 1/2 + x , 1/2 -  y , - 1/2 + z (iii) I -  x , -  y , | -  z
(ii) - 1/2 + x , 1/2 -  y, - 1/2 + z
Table 3 .5 .5  (continued)
Figure 3.5 J(a and b)
(a) A general view of V giving the atomic numbering scheme. Hydrogen 
atoms are numbered according to the atoms to which they are bonded.
(b) The molecular packing of V viewed along the short axis a.
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csinB
(b)
V
Discussion of V
With the exception of the dihedral angles, C(2) -  C(l) -  N(2) -C(6) , 
[5 6(1)°] in V and C(5) -  C(4) -  N(l) -  C(7) [38.2(5)°] in IV the 
other features of the molecular geometries of structures IV and V are 
markedly similar. Thus the other torsion angles, defining the conformations 
of the molecules, are virtually identical and the bonding pattern and 
nearly planar arrangement around the central C-C bond are in keeping
with the suggestion of 'extended delocalization' made previously. The
r ° iC(6) -  C(7) bond [ of I ength 1.549(9) AJ is here too elongated with
o
respect to the average C(ring) -  C(carbonyl) bond [of length 1.482(5) A] 
by c.a.  6.5 Cf , a difference which could be considered significant.
The angle C(carbonyi) -  C(centrai bond) -  S which is equal to 
117.3(5)° for structure V seems to be consistently smaller (for all betaines) 
than the trigonal value of 120° ,  and it might be possible that a pattern 
of values for the valency angles in the central framework of the molecule 
could have emerged had the estimated standard deviations been smaller.
The pattern would have probably provided further evidence for crowding 
in such molecules. Selected intramolecular non-bonded distances are 
given in Table 3 .5.5.  and the molecular packing is illustrated in 
Figure 3.5.1(b). Several intermolecular contacts are given in Table 3.5.5  
too, but no unusually short ones could be found.
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3 .IE Discussion of I I I ,  IV and V
Table 3 .11.1 summarizes the main structural features of molecules
I I I ,  IV and V.  Two noticeable observations could be made with regard
to this Table i) structures IV and V adopt almost the same conformation,
the only important difference being the amount of torsional movement
along the N(imine) -  C(ring), which seems to have originated from the
different groups attached to the nitrogen atom ( ) in both
molecules, ii) molecules IlIA and IIIB relate to each other as two mirror
images, though slightly distorted.
While the betaine molecules would be capable of exhibiting
different conformations due to rotations about the single bonds that they
possess, an examination of their molecular models would indicate two
distinct conformations a) one with a dihedral angle C(central) -  C(central) —
-C(carbonyl) -  C(benzoyl ring) smaller than zero (negative) and b)
one with a positive dihedral angle. The benzoyl group concerned, is
the one geminal to the imino group. Assuming the central framework of
.these molecules remain rigid, an assumption that can be ascribed to the
+ _
'extended delocalization1 and dipolar interactions (S . . .  N ) in these
systems, any equilibrium between these two conformations will have to
involve the overcoming of a repulsive dominant potential barrier which
will consist of very short C . . .  C and C . . .  O non-bonded contacts 
o
(c .a . <( 2.5 A ) .
Thus it would seem almost impossible for such rotations to take place 
and the existence of such conformers in the crystals analysed (space groups,
-  186 -
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P2j2j2j; P2|/c; P2j(n), do point to the fact that the two distinct 
conformations might have already been produced in the formation 
reaction:-
sulphimide + Ph-CO -  C = =  C -  CO-Ph ^betaine.
The compensation for internal strain in such molecules and as a 
result, the gaining of a conformational relief has taken place in the 
following way: i) by the pronounced twisting of both planes containing
the carbonyl groups and benzoyl rings from the planes containing the 
central frameworks of the molecules [ Table 3.11.1 (1,2) and (3,4)] 
ii) by the twisting of the imino group along the C(central) -  N bond 
followed by rotations of the phthalimido, P-Cl and pyridyl groups
with respect to the plane defined by the grouping C(central), N , C(ring) 
[Table 3 . I I . I  (5,6)] , iii) by the apparent lengthening of the C(23) -  C(24), 
C(49) -  C(50), C(7) -  C(8) and C(6) -  C(7) bonds in molecules MIA,
11 IB, IV and V respectively [Table 3 . II .I  (10)] !v) by the opening of the 
N \  valency angle [Table 3.11.1(8)] , v) by the small but significant 
decrease in the C(carbonyl) -  C(central) -  S(l) valency angle in all 
betaines [Table 3 . I I . I  (9)] , and vi) by the staggered position of the 
methyl groups with respect to the C(central) -  C(central) bond while 
pointing towards the imino group. It is interesting to note that a similar 
pattern of steric relief has been previously observed with the crowded
78 79'triphenyl phosphorus ylides' (Speziale and Ratts, 1965; Stephens, 1965) '
The reduced reactivity of the betaine compared to the sulphimides 
(3.1 and 3.2) can be explained in terms of the decrease in formal charge
-  188 -
on the imino nitrogen ('through conjugation effect1) and an overall steric 
hindrance affecting the nucleophilicity of the negatively charged atom. 
Therefore reactions of sulphimides with electrophilic acetylenes are 
usually carried out at room temperature while the reactions of betaines 
with electrophilic acetylenes (to produce pyrroles) are carried out in
33reflux conditions
-  189 -
THE CRYSTAL AND MOLECULAR STRUCTURES OF TWO YLIDES OF
THE FORM
+
C O O C H
V II. R = m -  0 0NC, H.2 6 4
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3 .6  Experimental and Results for VI
( h 3c )2s NO
h 3c o 2c
VI
Dimethylsulphonium-2-(4-nitrophenylimino)-1,2-bismethoxycarbonylethylide
Preparation of Crystals
The title compound (VI) was prepared by the published procedures
30described by Claus and Vilsmaier (1975) for N-aryl-sulphimides and by 
34
Hayashi and Swern for betaines. Pure crystals were obtained by
crystallization from ethanol (m.p !99-206°C) and the structure was
34 -Isubstantiated by I.R. (Nujol , 1730 and 1648 cm ) and mass spectra:
+ + + ■ + 
nr/e, 340(M ), 325(M -  C H J ,  293(M - S O U ,  28I(M -  CC^CHJ
+
and 278(M -  (C H ^ S ).
N -  aryl -  sulphimide + H^CC^C -  C s C -  CC^CH^ ►VI
Crystal Data
Molecular Formula C,14 16 2 6
Molecular Weight 340.2 a.m.u.
Crystal System Monoclinic
o
Unit Cell Dimensions a = 9.698(1) A
o
b =  22.545(2) A 
c = 7.744(1) A
P = 108.49(1)*
-  |9I -
Unit Cell Volume 
Number of Molecules per Unit Cell Z = 4 
Calculated Density 
Number of Molecules per 
Asymmetric Unit 
Space Group 
Equivalent Positions
V = 1605.76 A3
-  3
D = 1.41 g.cm c ®
N = I
P2|/c  (C2h5 , No. 14)
x ,y ,z  
-x , 1/2 + y, 1/2 -  z 
Linear Absorption Coefficient | I  = 2.23 cm ^
Number of Electrons per Unit Cell F(000) = 712
Data Collection 
Diffractometer Used 
Radiation Used 
Filter
Upper Limit for Data Collection 
Number of Observed Independent 
Reflections 
Unobserved Cut-Off 
Number of Parameters Refined 
Number of Reflections per 
Parameter
Enraf-Nonius CAD-4
M -  Kfll X  = 0.7114 Ao a »
Graphite Monochromator
cos 29 = 0.960m
20 = 60° max
m = 2972 
2.0
n = 273 
m/n = 10.9
-  192 -
Fo Fc )2.
Structure Determination and Refinement
The space group P2j /c was uniquely identified from the systematic 
absences in the diffraction data, (oko absent when k is odd, hoi absent 
when I is odd).
The crystal structure was solved by the routine application of direct 
methods ('MULTAN* -  Version 1978). An E-map derived from the best 
solution revealed the location of 22 nonhyarogen atoms (out of 23), the 
missing atom being located after 6 cycles of isotropic full-matrix least— 
squares refinement minimizing the function £  w(
■ The various parameters used with 'MULTAN1 are outlined in Table 3.6.1 
together with the 'phase transformation' from the 'MULTAN hemisphere 
of reflection' to the parallel reflections in the data set collected.
The positions of the hydrogen atoms were located in a difference 
map after cycle 13 and their positional and isotropic thermal parameters
t
were allowed to vary during the last 12 cycles of the least-squares
refinement. The weighting scheme based on counting statistics 
2
w = 1/ ( f  (F ) was found to be satisfactory and the refinement converged
when R was equal to 0.039 and R to 0.058. All calculated shifts  ^ w
were ^ 0.78 , the average shift/error being equal to 0.06 and the
final value for the standard deviation of an observation of unit weight 
was. equal to 1.5020. No absorption correction was applied and no 
significant peaks were found in the final difference Fourier synthesis.
The course of the refinement is summarized in Table 3 .6 .2 .  Scattering 
factors for the C, N , O and S atoms were those given by Cromer 
and Mann (1968) and those for H were given by Stewart et a l. (1965).
193 -
A listing of the observed and calculated structure factors with the 
appropriate phases is given in the supplement to this thesis. The 
crystal and molecular structure together with a numbering scheme are 
given in Figures 3.6.1(a) and 3.6.1(b). The atomic coordinates and 
thermal parameters, bond lengths, valency angles and torsion angles 
with e.s.d.'s and other relevant data are given in Tables 3.6.3 to 
3.6 .6 .
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Table 3.6.1
SUMMARY OF THE CONDITIONS (INCLUDING VARIOUS FIGURES OF 
INTEREST) ASSOCIATED WITH SOLVING THE STRUCTURE OF V I.
In this table:
1. NE -  is the number of the largest ( E j 's chosen to define the structure.
2 . NSRT -  is the number of Y  2 relationships to be retained.
3 . NSRTT -  is the total number of Y  2 re a^^ ons >^Ps»
4. PROB -  is the probability acceptance limit chosen for Y  j-
5 . NSPEC -  is the number of special phases (permutations restricted to
0 , 0  + 180°). spec spec
NGEN -  is the number of general phases (phase permutation 45°,
135°, 225°, 315°).
NANY -  is the number of phases of either sort.
6 . NSET -  is the total number of phase sets that have been developed.
7. PUB -  is the published phase.
8 . NAT -  is the number of nonhydrogen atoms in the asymmetric unit.
9. ABS FO M , PSI ZERO, RESID and CFOM are all figures of merit.
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Table 3 .6 .3  (a,b,c,d)
(a) Fractional atomic coordinates (x 10 ) of non-hydrogen atoms with
e.s.d.'s in parentheses. The table shows:
ATOM X /A  Y/B Z /C
°2 3(b) Anisotropic thermal parameters (A , x 10 ) of non-hydrogen atoms
with e.s.d.'s in parentheses. The table shows:
ATOM Ujj U22 U33 Uj2 UJ3 U23
3(c) Fractional atomic coordinates (x 10 ) of hydrogen atoms with e.s.d.'s  
in parentheses. The hydrogens are numbered according to the atoms 
to which they are attached.
°2 2(d) Isotropic thermal parameters (A , x 10 ) of hydrogen atoms with 
e.s.d .'s in parentheses. The table shows:
ATOM IL . x.
>
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Table 3 .6 .4  (a,b,c)
o
(a) Interatomic distances (A) with e.s.d.'s in parentheses. The 
hydrogen atoms are numbered according to the atoms to which 
they are attached.
(b) Interbond angles (degrees) with e.s.d. 's (degrees) in parentheses.
(c) Torsion angles (degrees) with e.s.d.'s (degrees) in parentheses.
A torsion angle A-B-C-D is considered to be positive if when 
viewed down the B-C bond the A-B bond will eclipse the C-D 
bond when rotated less than 180° in a clockwise direction.
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Table 3 .6 .5
A . Selected intramolecular non-bonded distances ( < C [ 4 . 0 A ) .
C(3) 9 9 . C(7) 3.47 0(9) . . . .  N(l) 3.17
C(4) 9 9 . C(I3) 2.83 C(I0) . . .  N(l) 3.09
C(4) 9 9 • 0 (6) 3.05 C(I0) . . .  0 (5 ) 3.23
C(5) 9 9 • 0(7) 3.03 C(II) . . .  C(I3) 2.89
C(5) 9 9 . 0(13) 2.98 C(II) . . .  0 (5 ) 3.31
C (5) 9 9 • 0 (5 ) 3.26 C(II) . . . .  S 2.69
C(5) 9 9 . 0 (6) 3.36 0 (12) . . . .  0 (3 ) 2.62
C(6) 9 9 . 0 (1) 2.72 0(13) . . . .  0 (3 ) 2.63
C(7) • 0(9) 3.37 0(14) . . . .  0 (5 ) 2.66
C (7) 9 9 . C(IO) 3.28 N(l) ___ S 3.04
C(7) 9 9 • C(I4) 3.70 0(3) . . . .  0 (5 ) 2.94
C(7) 9 9 . 0 (3 ) 2.88 0(3) . . . .  0 (6) 3.12
C(8) 9 9 . C(I2) 3.64 0(4) . . . .  S 2.77
C(8) 9 9 • 0 (5) 3.14
C(8) 9 9 • 0 (6) 3.38
B. Selected intermolecular
o
distances ( < ^ 4 . 0  A)
C(l) 9 9 9 • N(2)' 4 .0 0(9) . . . .  C(I4)V 3.4<
C(I) 9 9 9 • 0 (1) ’ 3.53 0(9) . . . .  0 (3 )" ' 3.11
C(l) 9 9 9 . 0 (2)" 3.56 0(9) . . . .  0 (6)v 3.2
C(3) 9 9 9 . C(l4)m 3.35
0(7) 9 9 9 . 0 (5 ) iv 3.28 -
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Roman numeral superscripts refer to the following equivalent positions 
relative to the molecule at (x,y,z):
(i) x ,  3/2 -  y, -  1/2 + z (iv) I -  x,  I -  y, 2 -  z
(ii) x,  3/2 -  y , 1/2 + z (v) 2 -  x,  I -  y , 2 -  z
(iii) x,  y,  -I + z
Table 3.6.5 (continued)
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Table 3.6.6  
LEAST-SQUARES PLANES
Planes are in the form of AX + BY CZ -  D = 0 where X , Y 
and Z refer to an orthogonalized set of axes, D is the perpendicular 
distance from the plane to the origin and A , B and C refer to the 
components of unit vector normal to the best plane. An asterisk 
denotes atoms used to define the plane.
A . (I) Equation of the plane
-0.207IX + 0.0I40Y -  0.9782Z + 7.2122 = 0
^  = 24.11 with three degrees of freedom,
o
The deviations (A) of the atoms from the plane are:
c ( i) * -0.005(2) N(l) 0.062(1)
C(2)* 0 . 002(2) N(2) 0. 001(2)
C(3)* 0.003(2) O(l) 0.068(3)
C(4)* -0.005(2) 0 (2) -0.057(3)
C(5)* 0.005(2)
C(6)* 0 . 001(2)
(2) Equation of the plane
0.8859X -  0.0044Y + 0.4638Z -  7.5015 = 0
o
The deviations (A) of the atoms from the plane are:
C(4)* 0.0 C(M) 0.232(2)
C(7)* 0.0 0(13) 0 . 112(2)
N(l)* 0.0 S -0.536(1)
C(8) -0.135(2)
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Table 3 .6 .6  (continued)
(3) Equation of the plane
0.I493X -  0.0074Y + 0.9888Z -  7.0925 = 0 
o
The deviations (A) of the atoms from the plane are:
N(2)* 0.0 C(2) -0.084(2)
O (l)* 0.0 C(6) 0.058(2)
0 (2)* 0.0 N(l) -0.099(1)
C(l) - 0 . 002(2)
(4) Equation of the plane
0.9969X -  0.0358Y + 0.0706Z -  4.7266 = 0 
o
The deviations (A) of the atoms from the plane are:
C(l I)* 0.0 0 (4 )* 0.0
C(I2)* 0 .0 0 (3 ) -0.023(2)
(5) Equation of the plane
-0.0722X + 0.8554Y -  0.5I28Z -  4.9721 = 0 
o
The deviations (A) of the atoms from the plane are:
C(I3)* 0 .0  0 (6)* 0 .0
C(I4)* 0 .0 0(5) -0.016(1)
B. The angle between planes (I) and (2) is 5 0 .4 °, between (I) and (3), 
3 .4 ° between (2) and (3), 53 .8° ,  and between (4) and (5) 82°.
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Figure 3.6.1 (a and b)
(a) A general view of VI giving the atomic numbering scheme. 
Hydrogen atoms are numbered according to the atoms to which 
they are bonded.
(b) The molecular packing of VI viewed along the short c-axis.
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Discussion of V I.
The crystal structure analysis of VI reveals a characteristic molecular 
geometry similar to the one established for the stabilized ylides previously 
described (sections 3 .3  to 3.5).  The bonding system and bond angles 
around the central framework of the molecule are given in Figure 3 .6 .2 .
Thus the carbon atoms of the central C -  Cbond possess near-trigonal
o 67 6
geometry and the C(7) -  C(8) bond [ 1.424(2) A ] is considerably shortened *
(Table 3.6.4) .  Furthermore, the carbonyl bond [C(II) -  0 (3 )] of the
o
stabilizing methoxycarbonyl-group is slightly longer [ 1.216(2) A ]  than
the corresponding bond [ C(13) -  0 (5 )]  of length 1.195(3) A , and the
imino nitrogen to carbon bond [ C(7) -  N(l) ] is nearly a perfect double
bond^ [ 1.289(2) a ] .  There are therefore clear indications, in keeping
with the evidence already mentioned for the other betaines, of
delocalization of the formal negative charge on N(l) into the methoxycarbonyl
group geminal to the 'onium' species. A similar pattern of delocalization
o
is suggested by the length of 1.427(2) A for the C(8) -  CO bond. The
o
C -  CC^Me bond, not adjacent to the 'onium' moiety, is 1.525(3) A
while the torsion angle for this bond is 113.5(2) [ -113.5(2) for the
mirror imaged molecule] . As has been suggested before, this latter 
2 9phenomenon of C(sp ) -  C(sp ) bond lengthening can plausibly be
attributed to the intramolecular overcrowding in the molecule. The
o
S -  C(8) bond [ 1.724(2) A ] compares well with similar bonds in 
molecules III (A , B), IV and V (this thesis), while the N(I) -  C(4)
-  215 -
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bond [ 1.403(2) A ] suggests no appreciable perturbation of electron
density into the ring system. Further, to support this, is the large
torsional movement exhibited by the aromatic ring along the N(l) -  C(4)
bond (c.a 53°) [ Tables 3.6.4(c) and 3 . 6 . 6 ]  . A reflection of the
internal strain in this molecule is also given by the values for i) the
exocyclic valency angle N(l) -  C(4) -  C(5) [ 123.1(2)° ] ii) the
valency angle C(7) -  N(l) -  C(4)[ 122.9(1)° ] and iii) the unequal
angles at the central framework of the molecule (Table 3 .6 .4 ). Further
features of the molecular geometry are the approximately pyramidal
arrangement around the sulphur atom (average pyramidal angle, 105.6°)
and the staggered position of the methyl groups with respect to the
C-C central bond (Table 3.6.4) .
Close intramolecular contacts are noted and listed in Table 3.6 .5 .
The molecular packing viewed along the c-axis is shown in Figure
3.6.1(b). O f the intermolecular contacts (Table 3.6.5) several are
50
shorter than the van der Waals distances given by Pauling (1967)
( 3 .40A for O . . .  and 4 . 0 A for c methy| • • • •  C methyl
and these, too, are listed in Table 3.6.5.
3 .7 Experimental and Results for VII .
( h 3c)2s
NO
H3C 0 2C
VII
Dimethylsul phoni um-2-(3-ni tropheny! i mi no) -1,2 -bismethoxycarbonylethyl ide,
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Pre pa ration of Crystals
The corresponding N-aryl-sulphimide was prepared first (see
‘Preparation for I 1 ) ,  and the betaine was then prepared by a procedure
34similar to that described by Hayashi and Swern (1974). Few
crystallizations from ethanol followed by a crystallization from benzene
produced pure yellow, parallel piped-shaped crystals. The structure
+
was substantiated by a mass spectrum analysis: m/e, 340(M ) ,
+ +
278(M - ( C H 3)2S) and 28 I(M - C 0 2CH3).
N -aryl -sul phi mide + H^CC^C “ C = C -  CC^CH^- 
Crystal Data
Molecular Formula C. ^H ,,N00  ,S14 16 2 6
Molecular Weight 340.2 a.m.u.
Crystal System Monoclinic
o
Unit Cell Dimensions a = 13.870(2) A
b = 8.522(1) A 
c = 13.971(3) A 
P =  105.47(1)°
Unit Cell Volume V = 1591.55
Number of Molecules per 
Unit Cell Z = 4
-3Calculated Density D = 1.42 g.cmc
Number of Molecules per
Asymmetric Unit N = I
5
Space Group P2j/c , No. 14)
-VII
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Equivalent Positions x ,y ,z
-x , 1/2 + y, 1/2 -  z 
Linear Absorption Coefficient | I =  2.24 cm ^
Number of Electrons per Unit Cell F(000) = 712
Data Collection 
Diffractometer Used 
Radiation Used 
Filter
Upper Limit for Data Collection 
Number of Observed
Independent Reflections 
Unobserved Cut-Off 
Number of Parameters Refined 
Number of Reflections per 
Parameter
Structure Determination and Refinement
The coordinates of 16 out of 23 nonhydrogen atoms were obtained
from an E-map calculated with the set of phases having the highest
combined figure of merit produced by the 'MULTAN' direct phasing
program (version 1976) for the space group P2j/c. Normalized structure
factors were calculated with an overall isotropic temperature factor of 
°2
3 . 2 7 A (= B) and an overall scale factor determined by Wilson's plot.
Enraf-Nonius CAD-4
  o
M -  Ka , X  = 0.7114 A o *
Graphite Monochromator
cos  ^29 = 0.960 m
29 = 56°max
m = 2133
2.0  Oj-
n = 273 
m/n = 7.8
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726 triplet relationships which were produced from 185 reflections with
| E |>> 1.7 were used (8 reflections per nonh/drogen atom and 3 .9
triplet relationships per reflection).
The atoms located by 'MULTAN' were assigned isotropic thermal
parameters of B = 4 .0  (U = 0.051) and were refined by one cycle of
isotropic least-squares calculation. A subsequent calculation of the
electron density distribution revealed the sites for all the nonhydrogen
atoms. R and R^ at this stage were 0.331 and 0.317 respectively. The
various parameters used with 'MULTAN' are outlined in Table 3.7.1.
The positions of the hydrogen atoms were located in a difference map
after cycle 8 and their positional and isotropic thermal parameters were
allowed to vary during the last 6 cycles of the least-squares. A
2
weighting scheme of the form w = 1/ Cf (F ) which provided an
Fo was
approximately flat distribution of w A with
employed and the refinement converged at R = 0.034 and R = 0.047.w
All parameter shifts were smaller than 0.89 Cf , the average shift/error 
being equal to 0.2 and the standard deviation of an observation of unit 
weight was equal to 1.5143. No absorption correction was applied and 
a final A F synthesis revealed no errors in the model. The course of 
the refinement is summarized in Table 3.7.2.  A listing of the observed 
and calculated structure factors with the appropriate phases is given in 
the supplement to this thesis. The crystal and molecular structure 
together with a numbering scheme are shown in Figures 3.7.1(a) and 
3.7.1(b). The atomic coordinates and thermal parameters, bond lengths, 
valency angles and torsion angles with e.s.d.'s and other relevant data 
are given in Tables 3.7.3 to 3.7.6.
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Table 3.7.1
SUMMARY OF THE CONDITIONS (INCLUDING-VARIOUS FIGURES OF 
INTEREST) ASSOCIATED WITH SOLVING THE STRUCTURE OF V II.
In this table:
1. NE -  is the number of the largest] E] 's chosen to define the structure.
2. NSRT -  is the number of I  2 relationships to be retained.
3. NSRTT -  is the total number of Z  2 relationships.
4. PROB -  is the probability acceptance limit chosen for ]T j.
5 . NSPEC -  is the number of special phases (permutations restricted to
0 , 0  + 180°). spec spec
NGEN -  Is the number of general phases (phase permutation 45°,
135°, 225°, 315°)
NANY -  is the number of phases of either sort.
6 . NSET -  is the total number of phase sets that have been developed.
7. PUB -  is the published phase.
8 . NAT ~ is the number of nonhydrogen atoms in the asymmetric unit.
9. ABS FO M , PSI ZERO, RESID and CFOM are all figures of merit.
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Table 3.7.3(a,b,c,d)
4(a) Fractional atomic coordinates (x 10 ) of non-hydrogen atoms with
e.s.d. 's in parentheses. The table shows:
ATOM X /A  Y/B Z /C
(b) Anisotropic thermal parameters (A?, x 10^ ) of non-hydrogen atoms 
with e.s.d. 's in parentheses. The table shows:
ATOM UM U22 U33 U,2 U|3 U23
(c) Fractional atomic coordinates (x 10^ ) of hydrogen atoms, with
e.s.d. 's in parentheses. The hydrogens are numbered according to
the atoms to which they are attached.
°2  2(d) Isotropic thermal parameters (A , x 10 ) of hydrogen atoms with
e.s.d.'s in parentheses. The table shows:
ATOM U/# x.(iso)
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Table 3 .7 .4 (a ,b ,c)
o
(a) Interatomic distances (A) with e.s.d .'s in parentheses. The 
hydrogen atoms are numbered according to the atoms to which 
they are attached.
(b) Interbond angles (degrees) with e.s.d.'s (degrees) in parentheses.
(c) Torsion angles (degrees) with e.s.d.'s (degrees) in parentheses.
A torsion angle A-B-C-D is considered to be positive if when 
viewed down the B-C bond the A-B bond will eclipse the C-D 
bond when rotated less than 180° in a clockwise direction.
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Table 3 .7 .5
o
A . Selected intramolecular non-bonded distances (< ^ 4 .0  A ) .
C(3) . . . 0(7) 3.06 0(11) . . .  C(I3) 2.91
C(3) . . . C(I3) 3.01 0 (11) . . .  0 (5 ) 3.40
C(3) . . . 0 (2) 2.71 0 (11) . . .  S 2.69
C(4) . . . 0(13) 2.82 0 (12) . . .  0 (3 ) 2.65
C(4) . . . 0 (6) 3.10 0(13) . . .  0 (3 ) 2.65
C(5) . . . 0(7) 3.47 N(l) . . .  S 3.02
C(7) . . . 0(9) 3 .32 0 (3 ) . . .  0 (5 ) 2.96
C(7) . . . 0(14) 3.67 0(3 ) . . .  0 (6) 3.14
C(7) . . . 0 (3 ) 2.91 0(4) . . .  S 2.76
C(8) . . . 0 (12) 3.65 0 (5 ) . . .  C(I4) 2.69
C(8) . . . 0 (5 ) 3.24
C(8) . . . 0 (6) 3.28
C(9) . . . N(l) 3.08
C(I0) . . N(l) 3.16
C(I0) . . 0(7) 3.34 o
B. Selected intermolecular distances (< ^ 4 .0 A )
C(l) . . . 0(4)’ 3.57 0(9) . . .  C(l4)iH 3.56
C(l) . . . 0(5)’ 3.65 0(9) . . .  0 (3 )v 3.34
C(6) . . . C(I0)” 3.36 0 (12) . .  C(I4)V? 3.73
C(6) . . . 0 (2) ’” 3.25
C(9) . . . C(I2)’V 3.88
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Roman numeral superscripts refer to the following equivalent positions 
relative to the molecule at (x ,y ,z):
(i) -x , -1/2 + y, 3/2 -  z (iv) x , 3/2 -  y , -1/2 + z
(ii) x , -I + y , z M  I -  x , I -  y , 2 -  z
(iii) x , 1/2 -  y, -1/2 + z (vi) I -  x , 1/2 + y, 5/2 -  z .
Table 3 .7 .5  (continued)
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Table 3 .7 .6  
LEAST-SQUARES PLANES
Planes are in the form of AX + BY + CZ -  D = 0 where X , Y 
and Z refer to an orthogonalized set of axes, D is the perpendicular 
distance from the plane to the origin and A , B and C refer to the 
components of unit vector normal to the best plane. An asterisk 
denotes atoms used to define the plane.
A . (I) Equation of the plane
0.5I51X -  0.6530Y + 0.5552Z -  3.8361 = 0
2 = 33.34 with three degrees of freedom, 
o
The deviations (A) of the atoms from the plane are:
C(D* 0.004(2) N(l) - 0 . 100(2)
C(2)* 0. 000(2) N(2) -0.027(2)
C(3)* -0.006(2) O(l) 0.042(3)
C(4)* 0.008(2) 0 (2) -0.100(3)
C(5)* -0.006(2)
C(6)* - 0 . 001(2)
(2) Equation of the plane
0.750IX - 0.5867Y - 0.3052Z + 6.2440
o
The deviations (A) of the atoms from the
C(4)* 0.0 C(ll) 0.104(2)
C(7)* 0.0 0(13) 0.074(2)
N.(l)* 0.0 S -0.154(1)
C(8) -0.044(2)
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Table 3 .7 .6  (continued)
(3) Equation of the plane
-0.53I0X + 0.6023Y -  0.596IZ + 4.3504 = 0 
o
The deviations (A) of the atoms from the plane are:
N(2)* 0 .0  C(3) -0.096(2)
0(1)* 0 .0  C(l) 0.056(2)
0 (2 )*  0 .0 N(l) -0.074(2)
C(2) -0.022(2)
(4) Equation of the plane
0.7642X + 0.3380Y + 0.5493Z -  8.9755 = 0
C(I3)* 0 .0  0 (5) -0.007(2)
C(I4)* 0 .0
0 (6)* 0.0
(5) Equation of the plane
0.7379X -  0.4I49Y -  0.5323Z + 8.4704 = 0
o
The deviations (A) of the atoms from the plane are:
C(ll)* 0 .0  0 (3 ) -0.098(2)
C(I2)* 0 .0
0 (4 )*  0 .0
B. The angle between planes (I) and (2) is 53.1°, between (I) and (3)
3 .8 ° , between (2) and (3) 56 .9° and between (4) and (5) 82 .4°.
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Figure 3.7.1 (a and b)
a . A general view of VII giving the atomic numbering scheme. 
Hydrogen atoms are numbered according to the atoms to which 
they are bonded.
b. The molecular packing of VII viewed along the short b-axis.
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3.111 Discussion of Vll and VI
The almost identical geometry of molecules Vll and VI becomes 
evident from a comparison of the corresponding bond lengths, valency 
and dihedral angles (Tables 3.6 .4  and 3 .7 .4 ). The main geometrical 
characteristics of both molecules are summarized in Table 3 . I I I . I .  Thus 
the 'through conjugation1 pattern at the central bond system is observed 
and the two methoxycarbonyl groups in each molecule, though tilted 
with respect to each other (c.a.  80°), are very nearly planar (Table 
3 .111.I Section 5). This latter observation is probably a result of 
smaller steric requirements of the groups compared to the bulky
benzoyl groups in betaines 111, IV and V (3.3,  3.4 and 3.5) in which 
the planarity is destroyed.
3.8 Overall Aspects of Ylides 1 to Vll
From the structure analyses of the two N-aryl sulphimides
(iminosulphuranes) 1 and II (this thesis) it can be concluded that i) the
sulphimides do reveal great similarity to sulphur-carbon ylides which is
2reflected in a trigonal arrangement (sp hybridization) of nitrogen in
S-N ylides and of carbon in S-C ylides, ii) the relatively unhindered
geometry of the sulphimides (I and II) can account for the high reactivity
25exhibited towards a variety of reagents (Gilchrist, 1977) whereby the 
molecules can react either as strong nucleophiles (e.g. with electrophilic
33acetylenes to form the 'delocalized sulphur-betaines') (Gilchrist et
25
a l, 1976) or as electrophiles in hydrolytic reactions (e .g . basic 
hydrolysis to form the sulphoxide and amine). The same similarity was
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Table 3 . I I I . I
No. STRUCTURE Vll STRUCTURE VI
1
N(l) -  C(7) -  C(8) -  S 
2.2(3)
N(l) -  C{7) -  C(8) -  S 
-9.0(2)
2
C(8) -  C(7) -  C(I3) -  0 (6) 
-104.2(2)
C(8) -  C{7) -  C(I3) -  0 (6) 
113.5(2)
3
C(7) -  C(I3) -  0 (6) -  C(|4) 
-174.0(2)
C(7) -  C(13) -  0 (6 ) -  C(I4) 
174.4(1)
4
C(7) -  C(8) -  C(ll) -  0 (4) 
-174.9(2)
C(7) -  C(8) -  C(ll) -  0 (4) 
-178.9(2)
5
C(8) -  C(ll) -  0 (4 ) -  C(I2) 
-175.3(2)
C(8) -  C(ll) -  0 (4) -  C(I2) 
177.2(2)
6
C(4) -  N(l) -  C(7) -  C(8) 
-177.9(2)
C(4) -  N (l) -  C(7) -  C(8) 
173.6(2)
7
C(3) -  C(4) -  N(l) -  C(7) 
56.6(3)
C(5) -  C(4) -  N(l) -  C(7) 
-52.6(3)
8
C(ll) -  C(8) -  S 
116.4(1)
C(ll) -  C(8) -  S 
116.9(1)
9
C(8) -  C(7) -  C(I3) 
118.0(2)
C(8) -  C(7) -  C(I3) 
SI 7.0(1)
10
• C(7) -  N(l) -  C(4) 
122. 8(2)
C(7) -  N(l) -  C(4) 
122.9(1)
II
N(l) -  C(4) -  C(3) 
123.3(2)
N(l) -  C(4) -  C(5) 
123.1(2)
12
C(7) -  C(I3) 
1.520(3) X
C(7) -  C(13£ 
1.525(3) A
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80shown to exist in iminophosphoranes (e.g. A) (Hewlins, 1971) and
in phosphorus ylides whereby from the crystal structure analysis of A
the trigonal arrangement of the nitrogen atom was revealed (the valency
angle P-N-C  being equal to 124.2°). Although the coplanarity of the
aromatic ring and the P,N,C plane (in A) has been previously assumed 
81(Schuster, 1967) the latter analysis showed the p-bromophenyl ring to
be tilted at 35° to the P, N , C plane. Nevertheless this latter 
observation does not appear to increase significantly the steric hindrance 
and like the iminosulphuranes (I and II),  the iminophosphorane (A) can
react either as a nucleophile e.g.  with electrophilic acetylenes to
82form the related 'delocalized phosphorus-betaines1 (B) or as an
electrophile (e.g. in hydrolysis).
A similar system containing the Ph  ^ P = N -  Ar system has also
83been described by Cameron and Prout (1969) (Q . As in the case of
the two sulphimides where the S-N bond appears to have been significantly
o
shortened (1.622 -  1.640 A ) with respect to Pauling's sum of covalent 
°  50radii (1.74 A ) , the P-N bond (1.567 in A) appears to have been
shortened to a relatively larger degree than the S-N bond (the sum of
Pauling's covalent radii for P-N bond, corrected for electronegativity 
o
is 1.77A ) .  However the different substituents on the sulphur and
phosphorus atoms render difficult any direct comparison of these bonds
84
as was previously noted by Johnson and Amel (1968)
Unlike the N-arylsulphimides (I and II) the stabilized betaines
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(structures III to Vll) are not as reactive, a fact which has been 
rationalized in terms of a decreased basicity due to delocalization 
patterns and increased steric influence affecting the nucleophilicity 
of the nitrogen atom (3 .11).
A few conformational features needed to reduce internal strain in
those molecules were also described for a number of similar 'phosphorus
[ 85 ~lmolecule B and molecule D (Gilardi and Karle, 1972)Thus (i) out of plane torsion (S-C-C-N) is observed in the 'sulphur
betaines1 (-12° to 13°) and is also observed in B (15.5°, calculated by
82Karle from the coordinates given by Mak and Trotter ) and in D 
(-37°) for the P-C -C-N  chain of atoms. This twisting has been suggested 
to originate (3.3) from the close contacts S . . .  C(benzoyl ring) or 
S . . .  O(methoxy), but deformations due to short contacts of the kind 
-S fC H ^  • • •  N cannot be excluded.
(ii) The benzoyl or methoxycarbonyl groups which are not attached to the 
C-S or C-P bonds are significantly rotated about the C-CO bonds 
(-90° to -114° in the 'sulphur betaines' and -69° in D). A similar 
twist of the methyl ester group occurs also in molecule B.
(ii?) The ring systems attached to the iminonitrogen are in all cases 
rotated by 40-60°. In molecule D the corresponding torsion angle is 
equal to -61°.
(iv) The valency angles at the C-C central framework of the 'sulphur 
and phosphorus betaines' appear to be significantly unequal (sections 
3.3 -  3 .7  and ref. 85).
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(v) The C(central) -  C(carbonyl) bond length (which is not attached to
the C-S bond) is significantly lengthened in all the betaines (III to Vll) 
o o
(1.520A -  1.549A)  though in the case of molecule D the corresponding
o
bond length is only 1.507(9) A . The bond lengthening is thought to be 
a result of the overcrowding in such molecules.
All other bonds involved in the 'through conjugation' effect are 
similar in all the molecules that were investigated. All examples which 
were found to possess the systems
\ t  Kl K, ,p70 j-86
/ S  N or '  \   ^ '
c  = c  = c
69 ^  87 X  ^  XG and H ) exhibit similar patterns of delocalization and hence
o
comparable bond lengths. The P-C bonds (e.g. 1.753 A in D) and
the S-C bondsj^e.g. 1.736(3) in iv j  are significantly shortened compared
to Pauling's sum of covalent radii (corrected for electronegativity) 
o o
(1.8 4 A and 1.81 A for P-C and S-C bonds respectively) though here
. 8 4too, direct comparison of the bonds is not feasible
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CHAPTER 4
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THE CRYSTAL AND MOLECULAR STRUCTURE OF A BETAINE
OF THE FORM
(Ph)oA+ O
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4.1 Introduction
The structures of P -ketostabilized ylides ( I,  R = Ph, p -
M e, p-C^NC^H^ etc.) as well as of ester ylides ( I , R = OMe) have
been thoroughly Investigated by the proton nuclear magnetic resonance 
88technique (Dale and Fr^yen, 1970 and references cited therein). As
a result it was established that whereas the spectra of ester ylides
(phosphorus, arsenic and sulphur ylides) and that of II (formylmethylidene 
89triphenylphosphorane ) showed temperature dependence (cis/trans equilibria)
there was no sign of internal rotation along the central C-C bond in the
case of the P -ketostabilized ylides. Furthermore, on the bases of
88infrared data the P -keto ylides were shown to exhibit a pronounced
'through conjugation effect' £ v ^  (cm’ )^ = 1500 -  1540 for X = As and
1500 -  1582 for X = p j  compared to the ester ylides £ v  c o  ( c m  ^ =
1585 -  1640 for X = As and 1565 -  1635 for X = pj . In similar -  P
90carbonyl sulphonium ylides (III) charge delocalization onto the oxygen
atom was also found to be important £ v  co(cm )^ = 1470 -  1505J .
Although X-ray analyses for several carbonyl stabilized arsonium ylides
91 92 rhave been reported ' (IV and V) J^ Ferguson and Rendle 1975, 1976
and references cited therein J no crystallographic work has been known
to be carried out on phenacyl arsonium ylides ( P -  ketostabilized).
88 93
Since spectroscopic data for the latter has been accumulated ' and
94structural work for a few related carbonyl-stabilized ammonium ylides
(VI and VII) Bailey, Hull,  Kersting and Morrison, 1971 J and 
78-79 Tphosphonium ylides (VIII) Speziale and Ratts, 1965 and Stephens,
-  249 -
I965)jhas been done, an X-ray structural study aiming at investigating 
the configurational characteristic and nature of stabilization in the 
arsonium ylide l(X = As, R = was initiated.
It should be noted that crystal I ographic and spectroscopic work
concerning carbonyl-stabilized cyclic ylides (sulphonium and phosphonium)
. , , , , . . 70,73,87,95-97 u ,is also known to nave been carried out . However the
X-ray analysis technique has been applied only for the compounds cited
in references 70, 73, 87.
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( x =  P,As j
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Ph / h  
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Experimental and Results for I
(Ph) 3 As
C6H5
Triphenylarsoniumphenacylide
Crystal Data
Molecular Formula ^26^2|^^s
Molecular Weight 424.39 a.m .u.
Crystal System Monoclinic
o
Unit Cell Dimensions a = 19.343(2) A
b = 11.103(3) A 
o
c =  23.859(3) A
P = 126.55(1)'
Unit Cell Volume V = 4116.37 A ^
Number of Molecules per Unit Cell Z = 8
-3Calculated Density D = 1.37 g.cmc
Number of Molecules per 
Asymmetric Unit N = 2
4
Space Group P2/c No. 13]
Equivalent Positions x,y,z
-X/ y f 1/2 - z
Linear Absorption Coefficient |-l = 16.58 cm
Number of Electrons per Unit Cell F(000) = 1744
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Data Collection
Diffractometer Used 
Radiation Used 
Filter
Upper Limit for Data Collection 
Number of Observed Independent 
Reflections 
Unobserved Cut-Off 
Number of Parameters Refined 
Number of Reflections per 
Parameter
Enraf-Nonius CA0~4 
%  -  Ka jT= 0.7114 A
Graphite Monochromator
Cos 20 = 0.960m
29 = 50°max
m = 3483 
2.0 cTj 
n = 674
i/n = 5 . 2
Structure Determination and Refinement
Systematic absences in the diffraction data (hoi absent when I is 
odd) suggested the possible space groups Pc or P2/c . The N(Z) 
cumulative probability distribution and the distribution of E j 's for the 
complete data set pointed towards a centric space group. A listing of 
'average values' given in Table 4.1.1 seems to support this assumption.
The structure was solved in space group P2/c by application of 
the multisolution tangent formula technique using the computer program
>  1.83'MULTAN1. The 400 highest normalized structure factors with 
were used to generate 4000 X  2 relationships (7.1 J E J values per atom 
and 10 I 2 relationships per [ E | ) .  Origin defining reflections and 
those constituting the starting set were chosen automatically by the program
« 253 -
and led to a successful phase determination. A three dimensional
Fourier synthesis using the 400 normalized structure factors revealed
the positions of 17 atoms in the asymmetric unit, while the missing
atoms were subsequently located by successive 2 cycles of isotropic
full matrix least-squares and a difference electron density calculation.
The structure was further refined by 18 cycles of least-squares calculations
2
minimizing the function Y  w(  ^ “ M" ) anc^  finally converged
Ol I Of
when R and- R^ were 0.033 and 0.038 respectively. The standard
deviation of an observation of unit weight was equal to 5.3487.
Hydrogen atoms were located after cycle 14 and consequently their
positional and isotropic thermal parameters were allowed to vary in the
last 6 cycles of the refinement. The weighting scheme used, of the form 
2
w = 1/ O' (Fq) based on counting statistics, provided an approximately
2 f Iconstant distribution of w A with increasing! F 's and hence
was considered to be adequate. No absorption correction was applied
and there were no significant residual peaks in the final difference
°_3
Fourier map, the highest one being of 0.34eA . The average and
maximum values of the shift/ ( j  for the atomic parameters in the last 
cycle of refinement were 0.07 and 0.42 respectively for all atoms. The
various parameters used with MULTAN the transformation of phases
from the 'MULTAN hemisphere of reflections' to the reflections in the 
data set collected ( - h ,  -k , I) and the various stages in the least-squares
refinement are all given in Tables 4.1.2 and 4.1.3.
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A listing of the observed and calculated structure amplitudes 
with the appropriate phases is given in the supplement to this thesis. 
The scattering factors used for the atoms C, O and As were those 
given by Cromer and Mann (1968) and the one for H were those given 
by Stewart et al (1965). The crystal and molecular structure together 
with a numbering scheme are given in Figures 4.1.1(a) and 4.1.1(b). 
The atomic coordinates and thermal parameters, bond lengths, valency 
angles and torsion angles with e.s.d. 's and other relevant data are 
given in Tables 4.1.4 to 4 .1 .7 .
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Table 4.1.1
STATISTICAL ANALYSIS OF AVERAGE VALUES FOR CENTRIC AND
ACENTRIC SPACE GROUPS.
EXPRESSION
EXPERIMENTAL
VALUES
THEORETICAL VALUES
CENTRIC ACENTRIC
MOD (E) 0.824 0.798 0.886
7 1.479 1.596 1.329
E4 2.486 3.0 2 .0
7 4.594 6.383 3.323
E6 9.164 15.0 6 .0
MOD(E2 -  1) 0.903 0.968 0.736
2 2 
(E " 1) 1.486 2 .0 1.00
256 -
Table 4.1.2
SUMMARY OF THE CONDITIONS (INCLUDING VARIOUS FIGURES OF 
INTEREST) ASSOCIATED WITH SOLVING THE STRUCTURE OF I.
In this table:
1. NE -  is the number of the largest [ E J 's chosen to define the structure.
2. NSRT -  is the number of Y  2 re a^^ ons^'Ps *° ke retained.
3. NSRTT -  is the total number of Y  ^ relationships.
4. PROB -  is the probability acceptance limit chosen for Y  y
5. NSPEC -  is the number of special phases (permutations restricted
to 0  , 0  + 180°).spec spec
NGEN -  is the number of general phases (phase permutation 45°,
135°, 225°, 315°).
NANY -  is the number of phases of either sort.
6 . NSET -  is the total number of phase sets that have been developed.
7. PUB -  is the published phase.
8 . NAT -  is the number of nonhydrogen atoms in the asymmetric unit.
9. ABS FOM , PSI ZERO, RESID and CFOM are all figures of merit.
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Table 4.1.4(a,b ,c,d)
4
(a) Fractional atomic coordinates (x 10 ) of non-hydrogen atoms with
e.s.d.'s in parentheses. The table shows:
ATOM X /A  Y/b Z /C
°2 3
(b) Anisotropic thermal parameters (A , x 10 ) of non-hydrogen atoms
with e.s.d.'s in parentheses. The table shows:
ATOM U|j U22 U33 U12 U|3 U2g
(c) Fractional atomic coordinates (x 10*^  of hydrogen atoms with
e.s.d .'s in parentheses. The hydrogens are numbered according
to the atoms to which they are attached.
°2  2(d) Isotropic thermal parameters (A , x 10 ) of hydrogen atoms with
e.s.d.'s in parentheses. The table shows:
ATOM U,. \ .(iso)
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Table 4.1.5 (a,b,c)
(a) Interatomic distances (A) with e.s.d.'s in parentheses. The 
hydrogen atoms are numbered according to the atoms to which 
they are attached.
(b) Interbond angles (degrees) with e.s.d.'s (degrees) in parentheses.
(c) Torsion angles (degrees) with e.s.d.'s (degrees) in parentheses.
A torsion angle A-B-C-D is considered to be positive if when 
viewed down the B-C bond the A-B bond will eclipse the C-D 
bond when rotated less than 180° in a clockwise direction.
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Table 4.1.6
o
A . Selected Intramolecular non-bonded distances (< T 4 .0 A ) .
C(3) . . .  C(26) 3.46
C(4) . . .  C(ll) 3.55
C(4) . . .  C(I5) 3.24
C(4) . . .  0(1) 3.67
C(5) . . .  C(IO) 3.38
C(3) . . .  0(1) 3.76
C(9) . . .  C(I6) 3.31
C(9) . . .  C(l7) 3.50
C(IO) . . .  0(1) 3.55
C(ll) . . .  0(1) 3.17
C(l7) . . .  C(26) 3.37
C(2I) . . .  0(1) 2.79
C(23) . . .  C(26) 2.93
0(1) . . .  As (1) 3.07
0 (1) . . .  H(11) 2.57
0 (1) . . .  H(21) 2.41
C(29) . . .  C(36) 3.39
C(30) . . .  C(35) 3.40
C(30) . . .  C(43) 3.36
C(30) . . .  C(5I) 3.66
C(30) . . .  0 (2) 3.44
C(3I) . . .  C(5I) 3.54
C(3I) . . .  C(52) 3.42
C(3I) . . .  0 (2) 3.26
C(3 7) . . .  C(4I) 3.48
C(3 7) . . .  C(42) 3.37
C(38) . . .  C(40) 3.60
C(4I) . . .  C(52) 3.53
C(4I) . . .  0 (2) 3.66
C(42) . . .  C(5I) 3.46
C(42) . . .  0 (2) 3.11
C(43) . . .  0 (2) 3.61
C(4 7) . . .  0 (2) 2.78
C(49) . . .  C(52) 2.97
0 (2) . . .  As(2) 2.86
0 (2) . . .  H(31) 2.56
0 (2) . . .  H(47) 2.44
H(23) . . .  H(26) 2.10
H(52) . . .  H(49) 2.24
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B. Selected infermolecular distances (< d 4 *0 A )
C(I3) . . .  0 (2 )' 3.29
C(I4) . . .  0 (2 )' 3.34
Roman numeral superscripts refer to the following equivalent positions 
relative to the molecule at (x ,y ,z) (i) -x , I -  y , -z .
Table 4.1.6 (continued)
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Table 4.1 .7  
LEAST-SQUARES PLANES
I
Planes are In the form of AX + BY + CZ -  D = 0 where X , Y 
and Z refer to an orthogonalized set of axes, D is the perpendicular 
distance from the plane to the origin and A , B and C refer to the
components of unit vector normal to the best plane. An asterisk
denotes atoms used to define the plane.
A . (I) Equation of the plane
-0.4219X + 0.5574Y -  0.7I50Z + 1.6183 = 0
= 6 .89 with 3 degrees of freedom, 
o
The deviations (A) of the atoms from the plane are:
C(l)* 0.002(6) C(5)* -0.005(5)
C(2)* 0.004(6) C(6)* - 0 . 001(6)
C(3)* -0.009(5) As (1) 0.125(1)
C(4)* 0.008(5)
(2) Equation of the plane
-0.8725X -  0.4856Y -  0.0537Z -  0.1483 = 0
Y  = 7- 09 with 3 degrees of freedom, 
o
The deviations (A) of the atoms from the plane are:
C(7)* -0.005(9) C(ll)* 0.003(8)
C(8)* -0.009(11) C(I2)* 0.006(8)
C(9)* 0.018(9) As(l) -0.066(1)
C(I0)* -0.008(6)
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Table 4 .1 .7  (continued)
(3) Equation of the plane
0.6580X -  0.I608Y -  0.7356Z + 2.6365 = 0
^  = 3.52 with 3 degrees of freedom, 
o
The deviations (A) of the atoms from the plane are: 
C(13)* -0.008(7) C(I7)* -0.003(6)
C(I4)* 0.005(7) C(18)* 0.008(7)
C(I5)* -0.001(6) As (I) 0.117(1)
C(I6)* 0.001(5)
(4) Equation of the plane
0.0I32X + 0.8I35Y + 0.58I4Z- 1.3888 = 0 
2
^ = 4.37 with 3 degrees of freedom,
o
The deviations (A) of the atoms from the plane are: 
C(I9)* 0.008(6) C(23)* -0.001(5)
C(20)* -0.002(7) C(24)* -0.004(5)
C(21)* -0.005(6) As (I)* 0.659 (1)
C(22)* 0.005(5)
(5) Equation of the plane
0.8668X -  0.4879Y -  0.I028Z -  3.1829 = 0
Y  =1-92  with 3 degrees of freedom, 
o
The deviations (A) of the atoms from the plane are:
C(27)* 0. 001(8) C(3I)* -0.006(7)
C(28)* -0.000(7) C(32)* 0.006(9)
C(29)* 0.002(7) A?(2) 0.148(1)
C(30)* 0. 002(6)
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Table 4 .1 ,7  (continued)
(6) Equation of the plane
-0.050IX -  0.6495Y -  0.7587Z + 5.2051 = 0
^  = 22.59 with 3 degrees of freedom,
o
The deviations (A) of the atoms from the plane are: 
C(33)* 0.018(6) C(37)* -0.009(6)
C(34)* -0.016(7) C(38)* -0.008(6)
C(35)* . -0.003(6) As(2) 0.167(1)
C(36)* 0.009(5)
(7) Equation of the plane
0.2975X -  0.2740Y + 0.9I46Z -  1.999 = 0
^  = 22 .17  with 3 degrees of freedom, 
o
The deviations (A) of the atoms from the plane are: 
C(39)* 0.012(5) C(43)* 0.003(5)
C(40)* 0.003(6) C(44)* -0.015(6)
C(4I)* -0.014(6) As (2) -0.035(1)
C(42)* 0.008(5)
(8) Equation of the plane
0.6005X + 0.77JIY -  0.2II8Z -  8.1988 = 0
^  = 4 .2 5  with 3 degrees of freedom,
o
The deviations (A) of the atoms from the plane are: 
C(45)* 0.003(7) C(49)* -0.006(6)
C(46)* -0.009(7) C(50)* 0.005(6)
C(47)* 0.005(6) As (2) -0.022(1)
C(48)* 0.001(5)
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Table 4 .1 .7  (continued)
The angles between the different planes are:
(1) and (2) 82 .2°
(1) and (3) 80 .9°
(2) and (3) 117.2°
(5) and (6) 69 .4°
(5) and (7) 72.7°
(6) and (7) 122. 1°
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Figure 4.1.1 (a and b)
(a) A general view of 1 giving the atomic numbering scheme.
(b) The molecular packing of I viewed along the b-ax?s.
-  281 -

I(b)
Discussion of I
The main features of the molecular geometry including pertinent 
bond lengths and angles for the two molecules (A and B) in the 
asymmetric unit are shown in Figures 4.1.1(a) and 4 .1 .2 .
In both molecules the bonded atoms As, C, C, O are coplanar 
^dihedral angles, 2.8(8)° and 0.5(7)° for A and B respectivelyj 
though in molecule A the C(benzoyl ring) atom deviates from the plane 
formed by these atoms j^C(22) -  C(25) -  C(26) -  As (I) is equal to
-I75.5(4)°J while in molecule B it does not
is equal to 179.9(4)° J .
C(48) -  C(5I) -  C(52) -As(2)
The near trigonal geometry at the central
C-C bond (Figure 4.1.2 and Table 4 .1 .5 ), its corresponding shortening
[■
1.372(7) A in A and 1.382(6) A in B with respect to the expected67
2 2 . .G  p -  Csp single bond length (1.48 A in butadiene and biphenyls)
and the lengthened C-O bonds
o
1.263(6) A in A and .253(7) A*]
in B seem to support the existence of a 'through conjugation' effect 
whereby a negative charge formally located on the carbon atom £ C(26)
and C(52) in A and B respectively is delocalized towards the carbonyl
oxygen atom. Similar patterns of conjugation have been observed
94 78 _79
before with phosphonium and ammonium ylides ' (as has been
mentioned in the introduction to section 4.1 -  compounds V I, VII and 
V III).
The expected trans position of the phenyl group with respect to 
the triphenylarsonium moiety is observed though the planarity of the 
benzoyl group is not retained £c(23) -  C(22) -  C(25) -  C(26) in A
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and C(49) -  C(48) -  C(5I) -  C(52) in B are equal to -15.0(8)° and
-133(8)° respectively due to repulsions between the -CH-hydrogen
and the ortho-hydrogen atom of the benzoyl ring.
The three phenyl rings bonded to the arsenic atoms in molecules
A and B are arranged in the favoured regular 'propeller' conformation.
However an outstanding difference is exhibited between the two molecules
in which the propeller type conformation in B seems to indicate an
arrangement in the opposite sense [Table 4.1.5(c)] . This observation
is also manifested by slightly different intramolecular contacts (Table 4.1 .6).
o
While in molecule A the C(l 1) . . .  0(1) distance is 3.17 A, in molecule B 
the corresponding distances 0(2) . . .  C(43) and 0(2) . . .  C(4I) are
equal to 3.61 A and 3.66 A respectively
o
from van der Waals' contact is 3.40 A
the expected separation 
An examination of the
molecular model and the latter differences in the C . . .  O distances
o
would suggest that the shorter As(2) . . .  0 (2) contact (2.86 A ) as
o
compared to As (I) . . .  0(1) (3 .07 A ) (Figure 4.1.2) and the pronounced 
decrease (from a normal trigonal angle) of the valency angle 
As(2) -  C(52) -  C(5I) [  114.0(4)°] as compared to the angle
As(l) -  C(26) -  C(25) [ 121. 8(4)° ]  might be ascribed to the different
'propeller' arrangements which in B seems to interfere minimally with
the sum of the appropriate van der Waals'
radii for As and O is 3.40 A, and a typical covalent As -  O distance
°  98 Iis equal to 1.70(1) A (Ferguson and Macaulay, 1968) J . As has
already been observed^ (Ferguson and Rendle, 1975, compound IV
the A? . . .  O interaction
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in the introduction to section 4.1) the interaction between the arsenic 
and oxygen atoms results in a distortion of the tetrahedral arrangement 
around the arsenic atom towards a rather trigonal -bipyramida! configuration 
with atoms C(4), C(I0) and C(26) in molecule A , C(30), C(42) and 
C(52) in molecule B in the equatorial positions and atoms 0(1) and 
C(I6) , 0 (2) and C(36) in A and B respectively in the axial positions.
The fact that the valency angles C-As -C (whereby the carbon
atoms are the ones in the equatorial positions) are splayed out and the
99As -  C(Ph) bonds are slightly longer compared to the quoted (Palenik,
, 2 °1966) C(sp ) -  arsonium bond length of 1.897(9) A is also a reflection
of the type of distortion postulated for this compound (‘tetrahedral1
towards 'trigonal-bipyramidal'). The arsonium -  C (/Side) bond lengths 
r °  °
[ 1.834(7) A and 1.835(5) A in A and B respectively J are not only
2shorter than the expected length for C(sp ) -  As but are significantly
r °  91
shorter than similar bonds found in related systems, |_ i .881(4) A J and 
r °  t 92[_ 1.868(5) A J • An appreciable double-bond character between the 
ylide carbon and the arsenic atom cannot be supported on the basis of 
the present analysis (as was in the cases of S-C and S -N  bonds, 
overall discussion 3.1 and section 3.3 in this thesis) though the best 
approximation to the molecular structure (valence bond notation) might 
contain both polar and covalent contributions as is indicated by the 
following formulae:
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As( Ph). As( Ph)v  /
Ph H
13Later C nuclear magnetic resonance studies carried out on this 
93molecule (Frpyen and Morris, 1976) do seem to support the presence
2of high electron density on the sp hybridised ylide carbon (enhanced
shielding) and therefore attributing 'weight' to the resonance structure I.
It is interesting to note the consistent difference, in the C-O and
C(central) -  C(central) bonds, between the carbonyl-stabilized ammonium 
94
ylide (structure V II ,  in the introduction to section 4.1) and the 
arsenic ylide (bonds taken as weighted means). Though only differences 
of 2 .8  Cf are observed it is possible that the delocalization in the 
ammonium system as compared with the arsenic one is further enhanced, 
thus reflecting the only possible 'route' for conjugation -  from the 
formally negative ylide carbon atom to the carbonyl oxygen.
Apart from the geometrical features mentioned already for the 
arsenic ylide, the rigorous planarity of the phenol rings (Table 4.1.7) 
and the slight offset of the arsenic atoms from the least-squares planes 
of the rings should be noted. Selected intra- and inter-molecular 
contacts are listed in Table 4 .1 .6 .
The molecular packing is of a 'herring-bone' arrangement and the 
closest As . . .  As contacts are equal to 7.18 A [ As (I) . . .  As (I)] .
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THE CRYSTAL AND MOLECULAR STRUCTURE OF A NITROSO-IMINE
N-OXIDE OF THE FORM
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4 .2  Introduction
The C-nitroso-imines (I) have been invoked as intermediates (though
short lived) in a number of chemical reactions. The intermediacy of
these compounds (I) seems to account for not only the formation of
1,2,4-benzoxadiazines^^'^ (2) (Gilchrist et a l , 1976 and Cameron and
Freer, 1976) from N-aryl -S.S-dimethylsulphimides (3) and nitrile oxides
(4), but also for the formation of 1,2 ,4-benzoxadiazines and benzimidazole
3-oxides (5) from the reaction of 2 ,6-disubstituted benzonitrile oxides
102with N-arylsulphimides (Shiraishi, Shigemoto and Ogawa, 1978)
103
Mechanisms for the reaction of the 2-pyridylsulphimides (6) with
nitrile oxides to form (7) (Gilchrist et a l, 1976), and for the oxidation of
104
N-phenyl benzamidoxime (8) to the O-benzoyl derivative of the oxime
(9) (Boyer and Frints, 1968) also depend upon the intermediacy of such
105derivatives. It is interesting to note that previous work (Kirby and 
Sweeny, 1973) has indicated the possibility of intercepting such C-nitroso 
imine intermediates (through the work on related intermediates, RCONO) 
and thus provided further evidence for their existence.
The cyclization that was shown before to take place with 
C-nitroso-i mines also takes place with C-nitroso-i mine N-oxides. Thus 
compound (10) has been iso lated^ from the reaction of nitrosobenzene 
with benzonitrile oxide (Minisci, G a lli, and Quilico, 1963) but was 
reported to cyclize exothermically to I-hydroxy 2-phenylbenzimidazole
3-oxide (I I ) .
-  290 -
In vi ew of these cyclizations, it is clear that the presence of
substituents in the aromatic ring of the nitroso derivative will affect
the stability of the intermediate product. Thus compound (12) is stable
106and does not cyclize to form the benzimidazole (the ortho positions 
are not available for cyclization). By analogy the C-nitroso-i mine 
N-oxide (13) was expected to be stable and indeed St has proved possible 
to investigate its geometrical features by the X-ray ©nalysis at room 
temperature.
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Experimental and Results for I!
Me
0T
N
Me
NOMe
Me
N - [  2 ,4,6-trimethylphenyl ] (X -nitroso-4-methylbenzaldiminerN-oxide, 
Crystal Data
Molecular Formula 
Molecular Weight 
Crystal System 
Unit Cell Dimensions
Unit Cell Volume
Number of Molecules per Unit Cell 
Calculated Density 
Number of Molecules per Asymmetric 
Unit 
Space Group 
Equivalent Positions
CI7H I8N 2 ° 2  
282.35 a.m .u.
Monoclinic
a = 8.192 (2 )  £
b = 10.912(2) £
c = 9 .8 9 0 (2 )  £
l ? =  118 .23 (4 )°
V  = 778.92 £3
Z = 2
Dc = 1.20 g.m  
N = I
P2j (C3 , N o .4) 
x ,y ,z
-x , 1/2 + y , -z
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Linear Absorption Coefficient
Number of Electrons per Unit Cell
Data Collection
Diffractometer Used
Radiation Used
Filter
Upper Limit for Data Collection 
Number of Observed Independent 
Reflections 
Unobserved Cut-off 
Number of Parameters Refined 
Number of Reflections per Parameter 
Structure Determination and Refinement
U = 0.74 cm 
F(000) = 300
Hilger and Watts Y290 
M q -  K a , " T  = 0.71069A 
Graphite Monochromator
cos 29m = 0.970
29 = 54max
m = 1295 
2.5  <*£ 
n = 230 
m/n — 5 .6
Systematic absences in the diffraction data (hkl absent when h + 1 
is odd, and oko absent when k is odd) suggested the possible space groups 
B2, or B2|/m (with a = 8.192 A, b = 10.912 A, c = 17.467 A and P =  93.82°) 
The data col lection was carried out in the *B * -centered setting and thereafter
the primitive unit cell was chosen by the transformation
I 0 0 \  /  a \  /  a-
0 I 0 I I ET I = I C
0 i
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This meant a change by the same transformation matrix of the 1 indices
to I* = (I -h ) /2 .  A statistical analysis provided by 'MULTAN' and
based only on the observed reflections indicated a centrosymmetric space
group but since the calculated specific density of the crystal (D ) ,  based
c
“3on 2 molecules per unit cell was equal to 1.20 g.cm the noncentrosymmetric
space group was tried first though a possibility of the molecule possessing
a mirror plane of symmetry did exist.
The structure was solved in space group P2j by the application of
direct methods ('MULTAN' -  version 1974). 20 nonhydrogen atoms (out
. of 21) were located in the E-map derived from the best set of phases and
the site of the missing carbon atom was revealed by a difference
electron density synthesis. The calculated R and R^ at this stage were
0.269 and 0.251 respectively. The various parameters used with 'MULTAN'
are outlined in Table 4 .2 .1 .
The crystal structure was fully refined to convergence during 18
cycles of block diagonal least-squares, minimizing the function
$ Iw ([ F^j " [ ^ c | )^* The refinement of the atomic positional and
anisotropic thermal parameters for C, N and O and positional and
isotropic thermal parameters for the hydrogen atoms that were resolved,
led to a conventional R factor of 0.054 and a weighted R of 0.072.
Towards the latter stages of the refinement a weighting scheme of the
2
form w = 0.1801 + 0.0537 Fo + 0.0040 Fo was used instead of
unit weights which were employed initially. A final difference map
° -3
was featureless, the maximum electron density being equal to 0.19 e A
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The refinement was assumed complete when the average and maximum 
values of the shift/ (T for the atomic parameters in the last least-squares 
cycle were 0.03 and 0.13 respectively for the non-hydrogen atoms 
and 0.07 and 0.32 respectively for the hydrogen atoms. No absorption 
correction was applied and the final standard deviation of an observation 
of unit weight was equal to 3.8437.
In all structure-factor calculations the atomic scattering factors 
used for C , N and O were those given by Cromer and Mann (1968), 
and for hydrogen those given by Stewart et al (1965). Final values of 
the observed and calculated structure factors including the phases, are 
given in the supplement to this thesis. A perspective view of the 
molecule together with the numbering scheme is illustrated in Figure 4.2.1(a). 
The molecular arrangement viewed along the a-axis is shown in Figure 
4.2.1(b). The atomic coordinates and thermal parameters, bond lengths, 
valency angles and torsion angles with e.s.d .'s and other relevant data 
are given in Tables 4 .2 .3  to 4 .2 .6 .
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Table 4.2.1
SUMMARY OF THE CONDITIONS (INCLUDING VARIOUS FIGURES OF 
INTEREST) ASSOCIATED WITH SOLVING THE STRUCTURE OF II .
In this table:
1. NE -  is the number of the largest J E J's chosen to define the structure.
2. NSRT -  is the number of I  2  relationships to be retained.
3. NSRTT -  is the total number of I  2  relationships.
4. PROB -  is the probability acceptance limit chosen for Y  |»
5 . NSPEC -  is the number of special phases (permutations restricted to
0 , 0  + 180°). spec spec
NGEN -  is the number of general phases (phase permutation 45°,
135°, 225°, 315°).
NANY -  is the number of phases of either sort.
6 . NSET -  is the total number of phase sets that have been developed.
7. PUB -  is the published phase.
8 . NAT -  is the number of nonhydrogen atoms in the asymmetric unit.
9. ABS FO M , PSI ZERO, RESID and CFOM are all figures of merit.
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Table 4 .2 .3  (a ,b ,c ,d )
4
(a) Fractional atomic coordinates (x 10 ) of non-hydrogen atoms with
e.s.d .'s in parentheses. The table shows:
ATOM X /A  Y/B L /C
°2 3
(b) Anisotropic thermal parameters (A , x 10 ) of non-hydrogen atoms
with e.s.d.'s in parentheses. The table shows:
ATOM U)( U22 U33 U12 U)3 U23
(c) Fractional atomic coordinates (x lO'') of hydrogen atoms with e.s.d.'s  
in parentheses. The hydrogens are numbered according to the atoms 
to which they are attached.
°2 2(d) Isotropic thermal parameters (A , x 10 ) of hydrogen atoms with 
e.s.d .'s in parentheses. The table shows:
ATOM U(iso).
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Table 4 .2 .4  (a ,b ,c )
o
(a) Interatomic distances (A) with e.s.d.'s in parentheses. The 
hydrogen atoms are numbered according to the atoms to which they 
are attached.
(b) Interbond angles (degrees) with e.s.d.'s (degrees) in parentheses.
A torsion angle A-B-C-D  is considered to be positive if when 
viewed down the B-C bond the A-B bond will eclipse the C-D 
bond when rotated less than 180° in a clockwise direction.
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Table 4 .2 .5
o
A.  Selected Intramolecular non-bonded distances ( < r 4 . 0 A ) .
C(3) . . .  N(l) 3.11 C(5) . . . 0 (2 ) 3.09
C(3) . . .  0(1) 3.08 C(7) . . . N(2) 2.65
C(4) . . .  0(1) 2.77 C(8) . . . 0(13) 3.33
C(4) . . .  0 (2 ) 2 .77 C(8) . . . N(2) 3.41
C(5) . . .  N(2) 3.23 C(8) . . . 0(1) 3.07
B. Selected intermolecular distances 4.
o
OA) .
C(l) . . .  C(9)' 3.76 C(6) . . . C(9)W 3.68
C(l) . . .  C(I7)?? 3.60 C(8) . . . C(I4)V 3.64
0(2) . . .  C(l7)n 3.62 C(9) . . . C(I4)V 3.64
C(3) . . .  C(l7)1'* 3.58 C(I4) . . . C(I5)vi 3.66
Roman numeral superscripts refer to the following equivalent positions 
relative to the molecule at (x ,y ,z):
0) X/y,z- l  (iv) -X, 1/2 + y ,  -Z
(ii) I + x , y , z (v) x , y, I + z
(iii) x , y - | ,  z (vi) I -  x , 1/2 + y, -z
-311 -
Table 4.2.6  
LEAST-SQUARES PLANES
Planes are in the form of AX + BY + CZ -  D = 0 where X , Y  
and Z refer to an orthogonalized set of axes, D is the perpendicular 
distance from the plane to the origin and A , B and C refer to the 
components of unit vector normal to the best plane. An asterisk denotes 
atoms used to define the plane.
A .
(I) Equation of the plane
0.6538X + 0.3548Y + 0.6684Z -  4.4095 = 0
( 2  °
X = 19.99 with 3 degrees of freedom. The deviations (A) of
the atoms from the plane are:
C(i)* -0.011 (6) C(5)* 0.014(5)
C(2)* 0.013 (6) C(6)* -0.003 (6)
C(3)* 0.001 (5) C(I3) -0.008 (4)
C(4)* -0.009 (4) C(14) 0.015 (7)
(2) Equation of the plane
-0.4742X -  0.6400Y -  0.6045Z + 5.4904 = 0
( 2 °  
*1 -  11.34 with 3 degrees of freedom. The deviations (A)
of the atoms from the plane are:
C(7)* 0.001 (4) C(I2)* -0.008 (4)
C(8)* 0.003 (3) C(l 5) 0.038 (6)
C (9)* -0.006 (5) C(16) 0.0 (7)
C(I0)* -0.003 (5) C(l 7) -0.025 (6)
C(ll)* 0.011 (5) N(l) 0. (4)
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Table 4 .2 .6  (Continued)
(3) Equation of the plane
0.5259X -  0.6890Y + 0.4989Z + 4.4719 = 0
( 2  . . °^  = 7.61 with 2 degrees of freedom. The deviations (A)
of the atoms from the plane are:
C(l3)* 0.002 (5) 0(1)* -0.005 (4)
N (l)* 0 .007(4) 0 (2 )*  0.002 (4)
N(2)* -0 .007(4 )
B. The angle between planes (I) and (2) is 19.8°, between (2) and (3) 
is 83 .7° and between (I) and (3) is 6 4 .3 °.
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Figure 4.2.1 (a and b)
(a) A general view of li giving the atomic numbering scheme. Hydrogen 
atoms are numbered according to the atoms to which they are 
bonded.
(b) The molecular packing of II viewed along the short a-axis.
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Discussion of II
The crystal structure determination of the C-nitroso-imine N-oxide
II reveals a transoid arrangement of the -N  = C -  N = 0 group of
atoms [ Figure 4.2.1 (a) and Table 4 .2 .4  (c) ] . The bonded atoms 0 (1 ),
N (l) , C (I3), N(2) and 0(2 ) are experimentally coplanar with dihedral
angles of N(l) -  C(I3) -  N(2) -  0 (2 ) [ 179.3 (4)° ] and N(2) -  C(I3) -
N(l) -  0(1) [ 178.9 (4)° ] for the least-squares plane is equal to
7.61 with 2 degrees of freedom). However, coplanarity between the
O -N  = C -N  = 0 and the aryl groups is not attained due to steric
hindrance, and thus the torsion angles C(3) -  C(4) -  C(I3) -  N(l) and
C(I2) -  C(7) -  N(l) -  C(I3) are equal to -64 .0  (6)° and 86.4 (5)°
respectively (the angle between the least-squares planes of the rings is
o
equal to 19.8 ; . The central N(l) -  C(I3) bond length of 1.331 (6) A
2 2compares with the partial N(sp ) -  C(s p ) double bond quoted for
formamide^[ 1.322 (3) A ] and although the C(I3) -  N(2) bond
[ 1.380 (6) A ] has not been significantly shortened with respect to the 
2 2 r °typical C(sp ) -  N(sp ) single bond [ taken as 1.391 (2) A, section 3.1
r ° °
this thesis] , the two N -O  bonds [ 1.256 (5) A and 1.247 (6) A ] do
seem to possess partial double-bond character and therefore support the
suggestion of a 'through conjugation' effect whereby a negative charge
[ formally located on atom 0(1) ] delocalizes towards the oxygen atom
o
0 (2 ). A length of 1.265 (8) A, ascribed to a similar partial double 
bond (N -O ) provides further evidence for the existence of the delocalized 
system postulated^^. [ From Pauling's sum of covalent radii corrected
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o
for electronegativity, the N -O  single bond is equal to 1.44 A and
°  108 the N = O double bond -  to 1.20 A . In formamidoxime and
109N ,N-dimethylacetamidoxime the single N O  bonds are quoted as
o  o
1.414 (9) A and I.4 3 0 A  respectively ] .
The close non-bonded intramolecular contacts observed and listed
in Table 4 .2 .5  and the unequal angles at the C(I3) atom [ 113.0 (4 )° ,
125 .9 (4 )° and 121.0(4)° ]  and the N(l) atom [ 115 .6 (4 )°, 122 .2 (3 )°
and 122.1 (4)° J do reflect an appreciable degree of configurational
strain in the molecule though the non-bonded separations seem to be
almost maximized by the nearly perpendicular arrangement of the rings
with respect to the O -N  = C -N  = 0 group of atoms (Table 4 .2 .6 ) .
102It has been noted previously by Shiraishi et al (1978) that for 
C-nitroso-imines a coplanar configuration of the nitroso and the aryl 
group attached to the carbon atom is favoured on the basis of possible 
interaction between the two groups whereby the -N  = C -N  = 0 
moeity is in the cisoid form and the aryl group attached to the nitrogen 
atom is tilted with respect to it (Figure 4 .2 .2 ) .
H
H
H---- 1
Figure 4 .2 .2 .
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This could account for the exclusive production of one cyclization
product (1,2 ,4-benzoxadiazine) when the ortho-positions (2,6) on the
aryl ring attached to the carbon atom are not substituted. In the case
4- —of C-ni troso-i m ine-N-oxides, the additional N - O  bond introduces new
non-bonded repulsions which presumably cause the two groups (O -N  =
C -N  = 0 and the ring attached to the C-atom)to deviate significantly
from coplanarity. That these interactions (introduced by the j^ l -  O bond)
o
are quite considerable is indicated by the short 0(1) . . .  C(3) (3.08 A ) 
contact found for molecule II (present analysis) and since this is a nearly 
maximized separation a much shorter separation would be invoked for a 
case where the two groups are coplanar. An examination of a molecular
model shows that an angle of 30° between the groups would result in a
o o
separation of ^ o 2 .5 A  between 0(1) and C(3) and *\J  2 A between 0(1)
and H (33).
Once coplanarity is lost, the cisoid form of the O = N -C  = N -O  
group cannot be exclusively preferred to the transoid form and hence . 
two cyclization products are expected (1,2 ,4-benzoxadiazines and 
benzimidazole 3-oxides). Evidence to support this is given in the 
introduction to this section where compound ( 1 0 ) cyclizes to give compound 
II (the benzimidazole 3-oxide) and as mentioned by Gilchrist et a l^ ^  
the 3-phenyl-1,2 ,4-benzoxadiazine is also formed (these observations 
are unpublished).
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It appears therefore that rationalization of the reaction products 
from cyclization of C-nitroso-imine-N-oxides can be given in terms of 
steric factors as for the similar cases of C-nitroso-i mines, and in
particular for the case where the aryl ring attached to the carbon atom
102is disubstituted at the ortho-positions
Selected intermolecular contacts are given in Table 4 .2 .5  though 
none are unusually short.
-  320 -
CHAPTER 5
STRUCTURAL STUDIES OF THREE NATURAL PRODUCTS
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THE CRYSTAL A N D  MOLECULAR STRUCTURE OF TWO DITERPENOIDS
OF THE FORM
OAc
I .
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5.1 Introduction
The plant family 'Euphorbiaceae1^  produces a range of 
diterpenoids based-on the cem brene^ and casbene^ (4) skeleton.
Some of these compounds exhibit cocarcinogenic activity (e .g . lathyrol), 
whereas others (e .g . jatrophone^ and jatrophatrione^) are tumour-
113inhibitors. Connolly et al (1979) has isolated, from the roots of 
Jatropha gossypiifo!ia (Euphorbiaceae), two new diterpenoids, jatropholone
A ( I) ,  ^*20^24^2 an<^  epimer jatropholone B (2).
base
jatropholone A jatropholone B
||3
Spectroscopic examinations of these compounds readily revealed 
their functionality which included a tricarbocyclic system in addition to 
a fully substituted cresol ring. Furthermore, the indication of the 
existence of a cyclopropane ring suggested that the jatropholones were
114based on a cyclized casbene skeleton . Since there was insufficient
evidence to prove unambiguously the detailed structures of the two
diterpenoids, jatropholone B acetate (3) was submitted for an X -ray
analysis which established structure (2) for this derivative. The
jatropholones represent a new skeletal type of diterpenoids, closely
||5
related to crotofolin A (5). Their absolute configuration has not been 
established.
RO
2  ( r * h )
3  (  R ssAc)
OH
OH
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Experimental and Results for I
OAc
Jatropholone B
Crystal Data 
Molecular Formula 
Molecular Weight 
Crystal System 
Unit Cell Dimensions
Unit Cell Volume 
Number of Molecules Per 
Unit Cell 
Calculated Density 
Number of Molecules Per 
Asymmetric Unit 
Space Group 
Equivalent Positions
C22H2 6 °3  
338.48 a .m .u .
Orthorhombic
a = 12 .389(2) i
b = 17 .875(3 ) 2
c = 8.708 ( 1 )  2
V  = 1928.73 23
Z  = 4
-3D = 1.17 g.cm  c
N = I
P2|2(2 (D* , No. 19) 
x,y ,z
1 / 2  — x , -  y , 1 / 2  + z 
1 / 2  + x , 1 / 2  -  y, -  z 
-x ,  1 / 2  + y, 1 / 2  -  z
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Linear Absorption Coefficient (1=  0.71 cm
Number of Electrons Per Unit Cell F(000) = 728 
Data Collection
Diffractometer Used 
Radiation Used 
Filter
Upper Limit for Data Collection 
Number of Observed
Independent Reflections 
Unobserved Cut-O ff 
Number of Parameters Refined 
Number of Reflections Per 
Parameter
Hilger and Watts Y290
  o
M Q -  Ka , X =  0.71069 A
Graphite Monochromator
cos 29 = 0.970m
29 = 58°max
m = 1766
2 .5  d j
n = 331
mi/n = 5 .3
Structure Determination and Refinement
The conditions h = 2n, k = 2n and I = 2n limiting respectively
the hoo, oko and ool reflections in the diffraction data determined the
4
space group to be P2^ 2 2^  ^ (D £, No.19). The direct-methods program 
'MULTAN' (Version 1974) was used to calculate phases for the highest 
250[ e | values (10 | E J values per nonhydrogen atom). 2000 ]T 2  
relationships were used ( 8  relationships per one J E | value), and the 
phase set with the largest combined figure of merit (out of 32 sets 
produced from 2  special and 2  general reflections) was selected to give 
a calculated E-map which revealed the positions of a 13-atom fragment 
(including the fully substituted benzene ring). Alternate least-squares
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refinements with variable isotropic thermal parameters and difference 
Fourier calculations yielded the coordinates of the missing 12 nonhydrogen 
atoms. The conventional discrepancy factor and weighted R factor at 
this stage were 0.202 and 0.265 respectively.
The crystal structure was refined during 17 cycles of block-diagonal 
least-squares calculations minimizing the sum of the weighted squares
of the residual [  ]T w( 2 i) J to a final conventional R of
0.035 and weighted R of 0 .046. A ll calculated shifts were 0 .09  ,
the average shift/error being equal to 0 . 0 2  and the final value for 
the standard deviation of an observation of unit weight(s) amounted to 
3 .464 . A detailed description of the different stages of the refinement 
is given in Table 5 .1.1.
The H atoms were located on difference electron-density maps 
evaluated at intermediate stages of the least-squares refinement of the 
structural parameters. In the final 7 cycles of the least-squares 
calculations, positional parameters for all the atoms, anisotropic thermal 
vibration parameters for the nonhydrogen atoms and isotropic thermal 
vibration parameters for the H atoms were varied.
The quantities w = (0.4291 -  0.0400  
w = 1/0.5187 for
min
and
+ 0.0045 
F
V  and
. respectively min r x
(where = 2 .7) were used to weight the least-squares differencesmin
for the observed data. The final analysis of the average w A  as a
function of F indicated the use of a proper weighting scheme for
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this data.
There were no significant residual peaks in the final difference
° -3Fourier map, the highest peak showing an electron density of 0 .20  eA , 
and no absorption correction was applied.
The scattering factors for O and C atoms were taken from Cromer 
and Mann (1968) and those for H were from Stewart et al (1965).
Final values for the observations, calculated structure amplitudes 
and phases are given in the supplement to this thesis.
Figure 5.1.1(a) is an 'ORTEP' drawing (Johnson, 1965) indicating 
the numbering scheme and illustrating the 50% probability ellipsoids 
for the nonhydrogen atoms and the overall molecular conformation.
Figure 5.1.1(b) represents a packing diagram viewed along the 
c-axis and shows the arrangement of the molecules in the unit ce ll.
Final atomic coordinates and their e .s .d .'s  estimated from the 
inverse of the least-squares matrix together with the different thermal 
parameters are given in Tables 5.1.2(a) to 5 .1 .2 (d ). Tables 5 ,1 .3  to
5 .1 .6  list bonded and non-bonded distances with e .s .d .'s  and other 
relevant molecular dimensions.
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Table 5 .1 .2  (a ,b ,c ,d )
4
(a) Fractional atomic coordinates (x 10 ) of non-hydrogen atoms
with e .s .d .'s  in parentheses. The table shows:
ATOM  X /A  Y/B Z /C
°2  3
(b) Anisotropic thermal parameters (A , x I0V) of non-hydrogen atoms 
with e .s .d .'s  in parentheses. The table shows:
ATOM  Uj, U2 2  U 3 3  U , 2  U , 3  U2 3
3(c) Fractional atomic coordinates (x 10 ) of hydrogen atoms with
e .s .d .'s  in parentheses. The hydrogens are numbered according
to the atoms to which they are attached.
°2 2
(d) Isotropic thermal parameters (A , x 10 ) of hydrogen atoms with
e .s .d .'s  in parentheses. The table shows:
ATO M  U,. x.(iso)
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5.
1.
2 
(a
)
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5.
1.
2 
(c
)
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5.1
.2 
(d
)
Table 5 .1 .3  (a ,b ,c ) 
o
(a) Interatomic distances (A) with e .s .d .'s  in parentheses. The hydrogen 
atoms are numbered according to the atoms to which they are attached.
(b) Interbond angles (degrees) with e .s .d .'s  (degrees) in parentheses.
(c) Torsion angles (degrees) with e .s .d .'s  (degrees) in parentheses.
A torsion angle A -B -C -D  is considered to be positive if when viewed 
down the B-C bond the A-B bond will eclipse the C-D bond when 
rotated less than 180° in a clockwise direction.
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Table 5 .1 .4
o
A . Selected intramolecular non-bonded distances (<C ^ 4 .0 A ).
C(2) . . . C(I6 ) 3.65 C(\2) . . .  0 (3 ) 3 .37
C(2) . . . C(2I) 3 .0 7 C(I3) . . .  C(I6 ) 3 .39
C(3) . . . C(6 ) 3 .57 C(I4) . . .  C(20) 2 .96
C(4) . . . C (7) 3.14 C(I3) . . .  C(2I) 3.12
C(4) . . . 0 (1) 3 .09 C(l 5) . . .  C(20) 3.35
C(5) . . . 0(15) 3.68 C(I6 ) . . .  0 ( 1) 3 .34
C(5) . . . 0 ( 1) 3.13 C(I6 ) . . .  H(32) 2 .54
C(6 ) . . . 0(16) 3 .20 C(l 7) . . .  0 (1) 3 .09
C(7) . . . 0(16) 3.54 C(l 7) . . .  H(91) 2.43
C(9) . . . 0(18) 3.51 C(I8 ) . . .  C(20) 3.41
C(9) ... 0 (2 ) 2 .9 9 C(20) . . .  C(2I) 3.36
C(I0) . . 0(17) 3.41 C(20) . . .  0 (2 ) 2.85
C(I0) . . 0(18) 3.19 C(22) ... H (1 1 ) 2 .64
C(I0) . . 0 (3 ) 3 .30 C(22) . . .  H (141) 2.61
C(I2) . . 0(15) 3 .34
C(I2) . . 0 (2 1 ) 3 .39
B. Selected intermolecular distances (<CT
o
4 .0  A ) .
C(5) . . . C(l 9) * 3.85 C(l 7) . . .  C(22)i?? 3.78
C(8 ) . . . C(I6 )" 3 .80 C(I9) ... o(i)iv 3 .47
C(9) . . . C(I6 ) ?? 3.82 C(I9) . . .  0 (3 )v 3.46
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Romal numeral superscripts refer to the following equivalent 
positions relative to the molecule at (x ,y ,z ):
(i) 5 /2  -  x , 2 -  y f 1/2 + z (iv) 2 -  x , 1/2 + y, 1/2 -  z
(ii) x , y , z -  I (v) 5 /2  -  x , 2 -  y , z -  1/2
(iii) 2 -  x , y -  1 /2 , 3 /2  -  z .
Table 5 .1 .4  (continued)
Table 5 . I .5 
LEAST -  SQUARES PLANES
Planes are in the form of AX + BY + CZ -  D = 0 where X ,  Y  
and Z refer to an orthogonalized set of axes, D is the perpendicular 
distance from the plane to the origin and A , B and C refer to the 
components of unit vector normal to the best plane. An asterisk denotes 
atoms used to define the plane.
A .
(I) Equation of the plane
-0.8875X + 0.3556Y -  0.293IZ  + 6.0696 = 0 
2
% = 295.14 with 3 degrees of freedom.
C(5)* -0.013 (2) C(4) -0.142 (3)
C(6 )* -0 .004  (2) C (7) 0.032 (3)
C(I0)* 0.008 (2 ) C (9) 0.013 (3)
C (II)* 0.006 (2 ) C(I4) 0.040 (2)
C(I2)* -0 .0 24  (2) C(20) -0.166 (3)
C(13)* 0.025 (2) 0 (2 ) 0.114(2)
(2) Equation of the plane
0.3207X + 0.6564Y + 0.6828Z + 18.1723 = 0 
5^ = 32.75 with one degree of freedom.
C(3)* 0.006 (3) C(5)* 0.003 (2)
C(4)* -0.012 (2) C(I6 )*  0.008 (2)
B. The angle between planes (I) and (2) is 7 5 .5 °.
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Figure 5.1.1 (a and b)
(a) A general view of I giving the atomic numbering scheme, 
atoms are numbered according to the atoms to which they
(b) The molecular packing of I viewed along the c-axis.
H ydrogen 
are bonded.
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C ( 2 0
a
Discussion of I
The main features of the conformation and geometries of 1 are
illustrated in Figures 5.1.1 (a) and 5 .1 .2  (a and b) and in Table 5 .1 .6 .
The seven -me mbe red ring possesses essentially a twisted-boat
conformation indicated by its dihedral angles [  Figure 5.1.2(b) and
Table 5 .1 .6  ] and confirmed by an inspection of a Dreiding stereomodel
of I .  The deviations from the calculated dihedral values for cycloheptane ^
(Hendrickson, 1961, 1967) suggest a high degree of flattening in the
seven-membered ring compared to cycloheptane, an effect which can
2presumably be ascribed to the presence of three adjacent s p hybridized 
centers and a cyclopropane ring.
Seven-membered ring 
in I
Cycloheptane 116,117
Dihedral Angles
W| w 2 w3 w4 w5 w 6 w7
-40 .2 75.3 -4 .6 -4 5 .9 0 . 8 71.0 -46 .8
-4 5 .4 64 .4 17.9 -74 .6 17.9 64 .4 -4 5 .4
Table 5 .1 .6
The five-membered ring, in which one torsion angle has a value of
almost zero [ C(7) -  C(6 ) -  C(10) -  C(9) is equal to -1 .7  (3)° ]  as a
result of fusion to the benzene ring, adopts a conformation which
118approximates to an envelope form, though the degree of flattening is
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even greater than for eye 1 opentene due to the presence of the
carbonyl group ( w j ,  w y  and are re sp ec tive ly  equal to
1 0 .9 ,  - 6 . 2 ,  - 1 . 7 ,  8 .8  and - 1 2 .3 °  w h ile  the th e o re tic a l values for
cyc lop en ten e  are 2 4 ,  -1 5 , 0 ,  15 and - 2 4 °  [  Tab le  5 . 1 . 3 ( c )  and
Figure 5 .1 .2  (b) J . The unusual t r ic y c lic  carbon skeleton o f I in w h ich
the cyclopropane ring is a ttach ed  to a TC “bonding substituent (benzene
120ring) is in terestin g  since the v a lid ity  o f the W alsh model (W a ls h , 1949)
121
fo r the bonding in cyclopropane is confirm ed (Bar and B ernste in , 1977).
In the W alsh model in te ra c tio n  betw een the ring and the substituent is
favoured for the so c a lle d  'b is e c tin g 1 o rien ta tio n  when the appropria te
orb ita ls  are p a ra l le l .  The angle  betw een the in te ra c tin g  orbita ls  is
e ssen tia lly  e q u iv a le n t to the angle  betw een the C (l) -  C (I5 ) vecto r and
the normal to the phenyl ring (Tab le  5 . 1 .5 ) .  C a lcu la tion s  based on
sim ple geom etrical considerations shows this angle  to be equal to 8 3 .7 °
w h ich  do suggest a 'p erp en d icu la r' ra ther than a 'b isectin g ' arran gem en t,
w ith  no possible s ig n ific a n t o v e rla p . Thus the expected  sym m etrical
cyclopropyl ring is observed and may be considered to b e , w ith in
exp erim enta l e rro r, an e q u ila te ra l tr ia n g le  w ith  in terna l angles o f
o
6 0 .6  ( 2 ) ° ,  5 9 .9  (2 ) °  and 5 9 .5  (2 ) °  and bond lengths o f 1.521 (4) A  ,
1 .505  (4) A  and 1 .511 (3) A  [  mean va lue  o f 1 .512 (4) A  3 . H o w ever it
122
should be noted tha t w ork done by Lauher and Ibers (1 9 7 5 ), seems 
to  in d ic a te  some inconsistency w ith  the a lre a d y  known structural model 
fo r cyclopropanes.
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An additional feature of the conformation of I is the transoid
arrangem ent o f the three membered ring w ith  respect to the C (4) -  C (I6 ) double
bond w hich seems to provide adequate in tra m o lecu la r separations, thus
p reven tin g  the otherw ise exp ected  repulsive in tereactio ns in  the cisoid
form  betw een C (2 |) (m ethyl) and the atoms C (3 ) , C (4 ) , C (5) and C (I6 )
[  from a m o d e l, the exp ected  C (m ethyl) . . .  C  contacts in the cisoid form
o
are found to be 2 . 7  A  J . A lso o f in terest are the perp end icu lar
orien tations of the a c e ta te  group and of the C (4) -  C (I6 ) double bond
re la tiv e  to the phenyl ring [  C (I0 ) -  C(11) -  0 ( 2 )  -  C(18) and
C (I6 ) -  C (4 ) -  C (5) -  C (6) are equal to - 8 9 .0  (3 ) °  and 7 4 .0  (4 ) °
respective ' / ]  The la tte r  angle  ind icates a lack  o f conjugation  betw een
the arom atic  ring and the a d ja c e n t C -C  double bond [  the C (4) -  C (I6 )
°  . . 2  2 bond length is 1 .3 2 4  (4) A  w hich  compares w e ll w ith  the C (sp  ) -  C (sp  )
68double bond of length 1 .3 3 7  (5) in e th y len e  J .
o
The benzene ring its e lf is p lanar to w ith in  0 .0 2 5  A  . The deviations  
o f the ring atoms and of the pheny l-bo nd ed  substituent atoms from  the  
least-squares p lane (o f the ring) do not seem to in d ic a te  the ex is tence of 
an y  s ig n ific a n t pattern  though they possibly do re fle c t the crow ding o f the  
fu l ly  substituted cresol r in g .
O th e r  features o f the m o lecu lar geom etry are com parable w ith  
lite ra tu re  values for s im ila r bonding s ituations .
The packing  of the m olecules does not appear to possess an y  unusually  
short in te rm o le c u la r distances and th e ir  separations are governed by the 
van der W aals forces.
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5 .2  Introduction for Diterpenoid II
Extract of the roots of the Indian plant Acacia Jacquemontii has
produced a new d ite rpen o id  ( I ) ,  ^ 2 0 ^ 3 2 ^ 2 '  was a^ e^ r form ulated
12 3 124
as a cassane (5 ) .  Spectroscopic investigations (M u rra y  e t a l , 1979)
revea le d  the fun ctio nal groups w hich  inc luded  a t r ic y c lic  skeleton w ith
a conjugated  d iene system , a v in y l group and a v in y l methyl g rou p , a
c y c lic  hem iace ta l and three te r t ia ry  methyl groups. H o w e v e r , attem pts
aim ed a t c h e m ic a lly  in te rre la tin g  the d iene and hem iaceta l functions
proved to be fru itless . The o x id atio n  product of ( I ) ,  the lactone (2 ) ,
seemed to  be co m p le te ly  resistant to hydrolysis, and efforts to e ffe c t
s e le c tiv e  a l ly l ic  ox id a tio n  o f the d iened io l (3) £ the redu ctive  ring opening
product o f ( I ) ]  did not produce the exp ected  conjugated  d ien o n e .
In order to confirm  the structure (I) an X - r a y  analysis has been
u n d ertaken . The results do c le a r ly  establish the existence o f the unique
seven-m em bered h em iaceta l ring B and a llo w  the re la tiv e  stereochem istry
to  be determ ined (4 ) .
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2OH
3 R = C H 2OH £
5
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Experimental and Results for II
OH
II
C2 0 H 3 2 ° 2  
3 0 4 .5 2  a .m .u .
O rthorhom bic
a = 1 0 . 3 3 6 ( 2 )  1 
b =  2 4 .2 3 0 ( 5 )  8  
c =  7 . 3 0 8 ( 1 )  8  
V  =  I 8 3 0 .2 0 2 3
Z  =  4
D =  1.1! g .c m  3 c
N  =  I
P 2 .2 .2 . (D ^ ,  N o .  19)
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Crystal D a ta  
M o le c u la r  Form ula  
M o le c u la r  W e ig h t  
Crystal System  
U n it  C e ll Dimensions
U n it C e ll Vo lum e  
N um ber o f M o le cu les  Per 
U n it C e ll 
C a lc u la te d  D ensity  
N um ber o f M o le cu les  Per 
Asym m etric U n it  
Space G roup
Equivalent Positions X /y ,z
L in e a r Absorption C o e ffic ie n t  
N u m ber of Electrons Per U n it  
C e ll
D a ta  C o lle c tio n  
D iffra c to m e te r Used 
R adiatio n  Used 
F ilte r
1 /2  -  x ,  -  y ,  1 /2  +  z  
1/2  +  X / 1 /2  -  y ,  -  z  
- x ,  1 /2  +  y ,  1 /2  -  z  
| j L  =  0 .6 5  cm ^
F(000) =  672
H ilg e r  and W atts Y 2 9 0
  o
M 0 -  Ka , \  =  0 .7 1 0 6 9  A
G ra p h ite  M onochrom ator
: 0 .9 7 0cos^ 2 0 m
U pper L im it for D ata  C o lle c tio n  2 9  =  5 4
max
N um ber o f O bserved  
Independent Reflections  
Unobserved C u t -O f f  
N u m ber o f Parameters Refined  
N um ber of Reflections per 
Param eter
m =  896  
2.5 rfj
n =  199
mi/n  =  4 .5
Structure D e term ination  and Refinem ent
The space group P2j2 j2 j was determ ined u n iq u e ly  from the system atic  
absences in the d iffra c tio n  data (hoo absent when h =  2n + 1 ,  oko absent 
w hen k =  2n +  1 and ool absent when I =  2n +  I ) .
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The structure was solved by a p p lic a tio n  o f the m u lti-s o lu tio n  
d ire c t methods p ro g ram ‘M U L T A N '(V e rs io n  1974). The largest 25 0   ^ E j 
values w ith  E j^ >  1.18 w ere chosen to de fine  the structure (11.4 E's 
per atom) and 2 0 0 0  Y.  ^ re lationships w ere re ta in ed  (8 relationships  
per one | E J v a lu e ). T h ir ty -tw o  sets w ere produced out o f w h ich  the 
set w ith  the highest com bined fig u re  o f m erit a llo w e d  c a lc u la tio n  o f an 
E -m ap  w hich  revea le d  21 out of 22 non hydrogen atoms in the asymmetric  
u n it . The missing atom was located  from a d iffe re n c e  Fourier synthesis 
phased on the known atoms. The R fac to r and R^ a t this stage w ere  
0 .2 4 3  and 0 .2 6 4  re s p e c tiv e ly . A  summary of the various parameters used 
w ith  ‘M U L T A N  is o u tlin ed  in Tab le  5 . 2 .1 .
Positional and therm al v ib ra tio n  parameters as w e ll as the scale  
param eter w ere re fined  to convergence during a course of 14 cycles of 
fu ll m atrix  least-squares ca lcu la tio ns  w here the fun ctio n  m in im ized was
Ew(
than 0 .0 9  C1 , the standard de v ia tio n  of an observation o f un it w e ig h t 
was 1 .5 6 3 8  and the quantities R and R^ w ere 0 .0 7 8  and 0 . I 0  re s p e c tiv e ly . 
A  summary of the least-squares refinem ent is given in T ab le  5 . 2 . 2 .
A  d iffe ren ce  Fourier synthesis a t the end o f the 9th c y c le  of 
re finem ent revea le d  the positions of 23 out o f 32 hydrogen atoms.
A ltho ug h  some diffused maxima occurred in positions stereochem ical I y 
a c c e p ta b le  fo r the undeterm ined hydrogen atoms i t  was not possible to  
determ ine th e ir  coordinates and a th e o re tica l c a lc u la tio n  based on the 
nonhydrogen atoms was used in order to deduce the missing positions.
F
o
Fc
2
) . A fte r  the last c y c le  no shifts w ere larg er
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A t  this stage the fo llo w in g  w e ig h tin g  scheme was introduced:
w  =  (a +  b | f J +  c
2, - I
) and the f in a l values for the parameters
a ,b  and c w h ich  m inim ised the v a ria tio n  of w A  as a fun ctio n
o f F w ere  a =  4 .4 4 1 ,  b =  -0 .2 9 8 5  and c =  0 .0 1 3 8 . In the
range w here IF F . (min mm = 5) the po lynom ial
ob ta in ed  from curve f it t in g  may not be appropria te  and so w eights equal 
to  1 /2 .6 1 7 9  w ere used.
The fin a l th ree-d im en sio nal d iffe re n c e  Fourier synthesis revea le d
° - 3no errors in the m o d e l, the highest peak be ing  equal to 0 .3 2  e A
S catte rin g  factors fo r C and O  atoms w ere taken from Crom er and 
M a n n  (1968) and those for H atoms from S tew art e t al (1965).
F ina l values fo r the c a lc u la te d  and observed structure fa c to r  
am plitudes and the appropria te  phases are g iven in the supplem ent to  
this thesis.
F igure 5 .2 .1 (a )  is an ORTEP draw ing o f the m o lecu le  showing the 
atom ic  num bering and Figure 5 .2 .1 (b )  is a packing  d iagram  v iew ed  along  
c .  F ina l atom ic coord inates , therm al parameters and e .s .d . 's  (d e rived  
from  the inverse of the least-squares m atrix) are  listed in Tab le  5 . 2 . 3 .
. Tables 5 . 2 . 4  and 5 . 2 . 5  lis t the bond lengths va len ce  angles and other 
re le v a n t in t r a -  and in te r -m o le c u la r  d a ta .
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Table 5 .2 .1
S U M M A R Y  O F  THE C O N D IT IO N S  ( IN C L U D IN G  V A R IO U S  FIG URES O F  
INTEREST A S S O C IA T E D  W IT H  S O L V IN G  THE STRUCTURE O F  I I ) .
In  this tab le :
I .  NE  -  is the number of the largest 's chosen to de fin e  the structure,
2 .  NSRT -  is the number o f Z 2 relationships to be re ta in e d .
3 .  NSRTT -  is the to ta l number o f ^ - 2  re la ^ onsl1'Ps*
4 .  PROB -  is the p ro b a b ility  accep tance  lim it  chosen for Z  j -
5 .  NSPEC -  is the number of special phases (perm utations restricted  to
0  1 0  + 1 8 0 ° ) .spec spec
N G E N  -  is the number o f general phases (phase perm utation 4 5 ° ,  
1 3 5 ° , 2 2 5 ° ,  3 1 5 ° ) .
N A N Y  -  is the number o f phases o f e ith e r sort.
6 .  NSET -  is the to ta l number of phase sets tha t have been d e v e lo p e d .
7 .  PUB -  is the published phase.
8 .  N A T  -  is the number of nonhydrogen atoms in the asym m etric u n it .
9 .  ABS F O M ,  PSI Z E R O , RESID and C F O M  are a ll figures o f m e rit.
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Table 5 .2 .3  (a ,b ,c )
4
(a) F rac tio n a l atom ic coordinates (x 10 ) o f non-hydrogen atoms w ith  
e .s .d . 's  in parentheses. The tab le  shows:
A T O M  X / A  Y /B  Z / C .
(b) A n iso trop ic  therm al parameters (A^ x 10^) o f non-hydrogen atoms 
w ith  e .s .d . 's  in  parentheses. The ta b le  shows:
A T O M  U M U 22  U 33 U |2  U )3 U 23
(c) F rac tio n a l atom ic coordinates (x  10 j  o f hydrogen atoms w ith
[
e .s .d . 's  in parentheses. The hydrogens are num bered acco rd in g  to  
the atoms to w hich  they  are a tta c h e d .
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Table 5 .2 .4 (a ,b ,c )
(a) In tera tom ic  distances (A )  w ith  e . s . d . ' s  In parentheses. The hydrogen 
atoms are numbered accord ing  to the atoms to w h ich  th e y  are a t ta c h e d .
(b) Interbond angles (degrees) w ith  e . s . d . ' s  (degrees) in parentheses.
(c ) Torsion angles (degrees) w ith  e . s . d . ' s  (degrees) in parentheses.
A  torsion ang le  A - B - C - D  is considered to be positive i f  when  
v iew ed  down the B -C  bond the A -B  bond w i l l  ec lipse the C -D  bond  
w hen ro tated  less than 180° in  a c lockw ise d ire c tio n .
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Table 5 .2 .5
o
A .  S e lec ted  in tra m o le c u la r  non-bonded distances ( < C 4 . 0 A ) .
C(I) . . .  C ( ll) 3 .0 5 C (6 ) . . . C (20) 3 .0 7
C (l) . . .  C (20) 2 .5 0 C (8 ) . . . C (20) 3 .2 4
C (2) . . .  C (l 9) 3 . 10 C (9) . . . C (20) 2 .5 4
C (2 ) . . .  C (20) 3 .1 5 C (I0 ) . . C (l 9) 3 .3 8
C (3) . . .  C (I8 ) 2 .4 6 C (ll)  . . . C (20) 3 .0 0
C (3 ) . . .  C (I9 ) 2 .4 8 C (I2 ) . . . C (I5 ) 3 .9 0
C (4) . . .  C (20) 3 .3 5 C (I2 ) . . . C (I6 ) 2 .9 5
C (5) . . .  C (I8 ) 2 .5 0 C (I5 ) . . . C (l 7) 2 .9 7
C (5) . . .  C (l 9) 2 .61 C ( l7) . . . O ( l ) 2 .7 8
C (5) . . .  C (20) 2 .61 C ( l7) . . . 0 ( 2 ) 3 .4 7
C (6) . . .  C (I8 ) 3 .0 8 C (I9 ) . . . C (20) 3 .4 0
C (6) . . .  C (l 9) 3 .0 8
B . S e le c te d  in te rm o le c u la r distances ( < C  4 • o > 
o 
•
C (I6 ) . . .  C ( I8 ) * 3 .6 9 0(1 ) . . . H (0 2 )' 2 .1 5
0 (1 ) . . .  0 ( 2 ) ' 2 . 8 0 0 ( 2 )  . . . O ( l ) " 2 .8 0
Roman numeral superscripts re fe r to the fo llo w in g  e q u iv a le n t positions 
re la t iv e  to  the m o lecu le  a t ( x , y , z ) :
(?) 3 / 2  -  x ,  -  y ,  1 /2  +  z  ( i i )  3 /2  -  x ,  -  y ,  - 1 /2  +  z .
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Figure 5 .2 .1  (a and b)
(a) A  general v iew  o f II g iv in g  the atom ic  num bering schem e. Hydrogen  
atoms are num bered acco rd in g  to the atoms to  wihich th e y  are  bonded .
(b) The m o lecu lar pa ck in g  o f II v iew ed  a long  the c -a x is .
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a
Discussion of il
The more important features of the molecular geometry are shown
in  Figures 5 .2 .1 (a )  and 5 . 2 . 2  (a and b ) . The stereochem istry  o f the
rin g -fus ion  can be described as a 'tra n s -a n ti-tra n s ' wTfth regard to  the
A / B ,  A / C  and B /C  ring junctions re s p e c tiv e ly .
The six-m em bered r in g , A ,  adopts a 'c h a ir ' co n fo rm ation  w h ile  the
seven-m em bered r in g , B , w h ich  possesses the hem iacettal group adopts a
'tw is t-c h a ir ' conform ation [ T a b l e  5 . 2 . 4 ( c ) ]  . The Ikatter seems to agree
w ith  ev iden ce  from  studies on cycloheptanes w hich  p ro v id e  support fo r the
'tw is t-c h a ir ' form as the most stable cyc loh ep tan e  c o d f o r m a t i o n ^ ' ^ ' ^
(H e n d rickso n , 1961, 1967 and Pauncz and G in sb u rg , 11960). Ring C
exh ib its  the normal 'h a lf -c h a ir ' conform ation d o m in ated  by the tw o trigonal
carbon atoms C (I4 ) and C (I3 ) and w ith  atoms C (8 ) ,  Q ( I2 ) ,  C (I3 ) and C (|4 )
c lo s e ly  c o p la n a r. (G e o m e tric a l values for an idea l c y c lo h e x e n e  w ere
126
given by C orey  and S neen , 1955).
Despite the re la t iv e ly  high standard deviations cm the bond lengths
(Tab le  5 . 2 . 4 )  w h ich  render d if f ic u lt  any d ire c t com parison , it  appears as 
3 3
i f  several C(sp ) -  C(sp ) bonds do d e v ia te  s y s te m a tic a lly  from the  
accep ted  v a lu e [  1.543(1) ]  . Thus the bonds C (l) -  C ( ! 0 ) ,  C (5) -  C ( I0 ) ,  
C (9) -  C (I0 ) and C (3) -  C (4) [  1 .5 8 (1 ), 1 .5 8 (1 ), 1 .57 (1 ) and 1 .5 6 (2 ) 
re s p e c tive ly  J are  a ll longer than the quoted v a lu e  For the C -C  single  
bond and i t  seems s ig n ific a n t tha t a ll o f these bonds are  a ttach ed  to a t 
least one o f the tw o fu l ly  substituted carbon atom s, C (4 ) and C ( I0 ) .
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S im ila r  trends in the C(s p^) -  C(s p^) bond le n g th s , a ttr ib u te d  to
127-130steric  factors have been previously  observed w ith  o th e r m olecules
(H a ll and M o s lem , 1965 , Cesar and G ra n t ,  1965, M u ir  and S im , 1968
and C ox and S im , 1978).
The crystal structure reveals fa ir ly  short in te rm a le c u la r  O  . . .  O
• • • o
contacts [  0 (1 )  . . .  0 ( 2 ) *  and 0 ( 2 )  . . .  0 ( I ) H are both equal to 2 . 8 0 A ]
w h ich  m ight in d ic a te  tha t the m olecules are hydrogen bonded such tha t
each m olecu le from one column is hydrogen bonded to  tw o m olecules
from  a second co lu m n , the columns themselves e x te n d in g  along the c -a x is
and the m o lecu les , connected by the appropriate  tw oH fo ld  axis p a ra lle l
to  c (F igure 5 . 2 . 3 ) .
F igure  5 . 2 . 3 .
The O - H  . . .  O  ang le  has been c a lc u la te d  to  b e  equal to  118° but 
since the positions o f the H atoms have not been de te rm in ed  a c c u ra te ly  
the s ig n ific a n c e  o f this ang le  is doubtful though i t  c le a r ly  deviates from  
180° .
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O th e r  features o f the m o lecu lar geom etry are th*e c o p la n a r d iene  
system [  T a b le  5 .2 .4 ( c )  ]  and the unequal angles a ro u n d  atoms C ( I3 ) ,
C (I4 ) and C (I5 ) w h ich  presum ably re fle c t the strain c re a te d  by the cop lanar  
arrangem ent and by the e c lip s in g  o f atoms C (I5 ) and  C ( I7 ) .
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THE CRYSTAL A N D  MOLECULAR STRUCTURE OF A
TETRANORTRITERPENOID OF THE FORM
5 .3  Introduction
A new tetranortriterpenoid, ^*26^32^5' ^as keen extracted
from the bark of Carapa procera (Meiiaceae) was shown by the X -ray  
crystal I ographic technique to possess a spiro-lactone structure (I) .
131The spectroscopic characteristics of (1) (Connolly et a ! , 1979) 
revealed the |3 -substituted furan, three tertiary methyl groups, a 
cyclopentanone ring, a tetrasubstituted double bond, a 5  -lactone group 
and a cyclic ether attached to two secondary carbon atoms. This data 
also indicated that the molecule had a tricarbocyclfc (skeleton and as a 
result of a close examination of the *H n .m .r. specttmjum structure (2) 
was suggested.
Since a chemical investigation was not possible,, mainly due to lack 
of material, the structure has been fully substantiated! by the X-ray  
analysis though the absolute configuration has not beem determined.
The latter was assumed to be as in (1) by analogy with other similar
molecules. It is interesting to note that two compounds, recently described,
132have been shown to possess a similar ring A spiro lacttone (Austin and 
Andibenin^^).
i
H
2
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Experimental and Results for III
III
Crystal Data 
Molecular Formula 
Molecular Weight 
Crystal System 
Unit Cell Dimensions
Unit Cell Volume 
Number of Molecules Per 
Unit Cell 
Calculated Density 
Number of Molecules Per 
Asymmetric Unit 
Space Group
C26H3 2 °5  
424.58 a .m .u .
Orthorhombic
o
a = 9.608 (2) A 
o
b = 22.359 (5) A 
o
c = 10.202 (2) A 
°3V  = 2191.63 A
Z = 4
D = 1.29 g.cm c
-3
N = 1
P 2 ft2 ] (D * , N o .19)
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Equivalent Positions
Linear Absorption Coefficient 
Number of Electrons Per Unit 
Cell
Data Collection 
Diffractometer Used 
Radiation Used 
Filter
x,y,z
1 / 2  -  x , -  y , 1 / 2  + z 
1 / 2  + x , 1 / 2  -  y , -  z 
-  x , 1 / 2  + y , 1 / 2  -  z 
|Jt = 0.83 cm ^
F(000) = 912
Enraf-Nonius CAD-4
  o
M Q -  K a , X  = 0.7114A
Graphite Monochromator
cos 29 = 0.960m
Upper Limit for Data Collection 29 = 56°
max
Number of Observed
Independent Reflections m = 1050
Unobserved C ut-O ff 2 .0  O j -
Number of Parameters Refined n = 125 
Number of Reflections Per
Parameter m/n = 8 . 4
Structure Determination and Refinement
The structure was solved in space group P2j2^2j by standard direct 
methods using 'M ULTAN 1 (Version 1976) to phase the 200 | E values 
greater than 1.32 (6 .5  [e  | values per atom). Four permuted phases 
produced 64 phase sets out of which that with the highest combined figure
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of merit clearly revealed a recognizable molecular fragment of 2 1  
non-hydrogen atoms (out of 31). This fragment was further extended by 
successive Fourier syntheses until the whole molecular structure became 
apparent. At this stage a structure-factor calculation indicated an R 
and R^ (weighted) of 0.362 and 0.455 respectively.
The various parameters used with 'MULTAN' are summarized in 
Table 5 .3 .1 .
The structure was then refined during 10 cycles of full-matrix least-
1 2squares calculations, minimizing the function ]T w( |F^J -  j F^J ) ,
to a residual R, R and S (S =  standard deviation of an observation of w
unit weight) of 0 .084 , 0.102 and 3.1848 respectively. Atom types were
assigned on the basis of bond distances and thermal parameters during the
stage of the isotropic refinement. The weights applied to the observations
2
in the different stages of the refinement were of the form w = 1/  a  ( f  jo
based on counting statistics and provided an approximately flat distribution
2 I
of w A with increasing I F at the end of the refinement. No
I o
attempt was made to vary the thermal parameters of the non-hydrogen
atoms anisotropically since this would have resulted in a rather small ratio
of m/n ( = 3 .75 ).
The hydrogen atoms were introduced in their geometrically calculated
o
positions with C-H bond lengths equal to 1.0 A and thermal parameters of
°2 . .
U = 0.051 A , but their positional parameters and isotropic thermal
vibrations were not allowed to vary during the refinements.
-  382 -
No absorption correction was applied and the refinement was 
terminated when all parameter shifts were equal to or less than 0.05  
of their corresponding standard deviations. A final ik  F synthesis showed
° -3no deviations greater than 0.53 e A .
Scattering factors for O and C atoms were taken from Cromer and 
Mann (1968) and those for H were from Stewart et a}; . (1965).
Final values for the observed calculated structure amplitudes and 
phases are given in the supplement to this thesis. Fiigure 5.3.1(a) is an 
ORTEP drawing indicating the numbering scheme used, and Figure 5.3.1(b) 
shows the arrangement of the molecules in the unit cell viewed along 
the a-axis.
Final atomic coordinates and their e .s .d .'s  estimated from the inverse 
of the least-squares matrix together with the different thermal parameters 
are given in Table 5 .3 .3 ; and Tables 5 .3 .4  and 5 .3 .5  list bond lengths, 
valence angles and other relevant in tra- and intermoSecular data.
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Table 5.3.1
SUMMARY OF THE CO NDITIO NS (IN C LU D IN G  VARIOUS FIGURES OF 
INTEREST) ASSOCIATED WITH SO LVING  THE STRUCTURE OF 111.
In this table:
1. NE -  is the number of the largest E 's chosen to define the structure,
2 . NSRT -  is the number of X! 2  relationships to be retained.
3. NSRTT -  is the total number of X   ^ relationships.
4 . PROB -  is the probability acceptance limit chosen for X  j»
5 . NSPEC -  is the number of special phases (permutations restricted
io 0  , 0  + 180°).spec spec
NG EN -  is the number of general phases (phase permutation 45 °,
135°, 225°, 315°).
N A N Y  -  is the number of phases of either sort.
6 . NSET -  is the total number of phase sets that have been developed.
7 . PUB -  is the published phase.
8 . NAT -  is the number of nonhydrogen atoms in the asymmetric unit.
9. ABS F O M , PSI ZERO, RESID and FOM are all figures of merit.
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Table 5 .3 .3  (a ,b ,c )
4
(a) Fractional atomic coordinates (x 10 ) of non-hydrogen atoms with
e .s .d .'s  in parentheses. The table shows:
ATOM  X /A  Y/B  Z /C
°2 3
(b) Isotropic thermal parameters (A , x 10") of non-fijpdrogen atoms
with e .s .d .'s  in parentheses. The table shows:
ATOM  IL . v (iso)
(c) Fractional atomic coordinates (x 10 )^ of hydrogen! atoms (calculated 
positions). The hydrogens are numbered according to the atoms
to which they are attached.
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Table 5 .3 .4 .  (a ,b ,c )
o
(a) Interatomic distances (A) with e.s.d. 's in parentheses.
(b) Interbond angles (degrees) with e.s.d. 's (degrees) in parentheses.
(c) Torsion angles (degrees) with e.s.d. 's (degrees) in parentheses.
A torsion angle A -B -C -D  is considered to be positive if when 
viewed down the B-C bond the A-B bond will eclipse the C-D  
bond when rotated less than 180° in a clockwise direction.
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Table 5 .3 .5
o
A . Selected Intramolecular non-bonded distances ( < C 4 . 0 A ) .
C(l) . . . C(I9) 3.48 C(I2) . . .  C(20) 3.21
C(I) . . . C(24) 3.15 C(I2) . . .  C(22) 3 .54
C(2 ) . . . C(24) 3.15 C(|4) . . .  0 (3 ) 2.85
C(3) . . . C(24) 3.05 C(I5) . . .  C(I8 ) 3 .03
C(4) . . . C(!9) 3.02 C(|5) . . .  C(26) 2.82
C(6 ) . . . C(25) 3.02 C(|6 ) . . .  C(I8 ) 3 .04
C(6 ) . . . C(26) 3 .09 C(I6 ) . . .  C(2I) 3.12
C(7) . . . C(I5) 3.21 C(I6 ) . . .  C(26) 3.33
C(7) . . . 0 (2 ) 3.31 C (l7) . . .  C(26) 3.39
C( 8 ) . . . 0 (2 ) 3 .20 C(I8 ) . . .  C(20) 2 .94
C(I0) . . . 0(24) 3.32 C(I8 ) . . .  C(2I) 3.38
C(I0 ) ... C(2 5) 3.21 C(I9) . . .  C(24) 3 .07
C(I0) . . . C(26) 3.55 C(I9) . . .  C(25) 3.43
C(ll) . . . C(l 9) 3.00 C(26) . . .  0 (2 ) 3 .37
C(ll) . . . C(26) 3.12
B. Selected intermolecular
o
distances (<C^4.0A) .
C(I7) . . . 0 (2 )* 3.45 C(23) . . .  C(26)' 3 .39
C(2I) . . . C(26)' 3.54 C(26) . . .  0 ( I ) H 3.38
C(22) . . .  C(26)' 3.55
Roman numeral superscripts refer to the following equivalent positions 
relative to the molecule at (x ,y ,z ):
(i) x -  1 /2 , 3 /2  -  y , I -  z (ii) 0 .5  + x , 3 /2  -  y , I -  z .
-  396 -
Figure 5.3.1 (a and b)
(a) A general view of 111 giving the atomic numbering scheme.
(b) The molecular packing of III viewed along the short a-axis.
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oo
C (25)
C(24)  K S V

Discussion of III
The stereochemistry of the structure can be seen clearly from 
Figure 5 .3 .1(a) .
Apart from being cis-fused to the cyclohexane ring (C ), the 
cyclopentanone ring (D) is 'enveloped-shaped' with atoms C (I4), C (I5 ), 
C(I6 ) and C(I7) being coplanar [  the dihedral angle C(14) -  C(I5) -  C(16)
-  C(17) is equal to 2 ( |)°  ]  .
Noteworthy and although in contrast with the conformation just
mentioned is the fact that cyclopentanone has been found to exist
predominantly in the half-chair conformation in the gas phase with no
134 135 renvelope conformation detected ' [ Kim and Gwinn, 1969;
A llinger, Tribble and M ille r, 1972 ] . The si x-membered ring (C) and
the cyclohexene ring (B) adopt chair-like and half-chair conformations
respectively, in which coplanarity of atoms C(5), C(8 ) , C(9) and C(I0)
is achieved by the presence of the two trigonal carbon atoms C(9) and
C (I0 ). The stereochemistry of the fusion at the junction which involves
||9
the one trigonal carbon atom approximates to a quasi-trans fusion 
indicated by the corresponding 'torsion angles of junction1 [  C(I4) -  C(8 )
-  C(9) -  C(ll) and C(7) -  C(8 ) -  C(9) -  C(10) are equal to -54° and 
5 °  respectively ]  .
The 'skew-boat' form of the spiro-lactone ring (A) is readily revealed 
by an examination of the Dreiding stereomodel of I I I .
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The bond lengths and angles (Table 5 .3 .4)  show no significant 
anomalies and they do seem to be consistent with the formulation given 
for III (Introduction, 5 .3 ) though due to the early termination of the 
least-squares refinement a meaningful discussion and comparison of the 
bond lengths is not feasible.
Distances which seem to represent short in tra- and intermolecular 
contacts are listed in Table 5 . 3 . 5 .  However the molecular packing 
[Figure 5.3.1(b) ] seems to be dominated by van der Waals forces.
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Crystal Data
CgH^gN^C^S, M = 198.24; . orthorhombic, 
a = 1 3 .6 6 3 (3 )X ,  b = 1 3 .8 5 0 (3 )X ,  c = 5.008(l)X,
V -  9 4 7 .74X"; D = 1 .39 g.cm" , Z = 4; P(000) = 416;  
space group P212^21 (D^, N o .19) ;  Mq -  K a r a d i a t i o n ,  X = 0 .7107X, 
n  (M0 -  K a ) = 2 .96 era 1 .
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Pat a f o r  S .S-Dimethyl-N-p-ni trophenylsulphimide
Crystal Data
CgHioN^O^S, M = 198.24; monoclinic, 
a -  4 . 8 l l ( l ) X ,  b = 9 .8 7 4 ( 2 ) X ,  c  = 19 .9 47 (4 )X ,
0 = 9 7 . 4 5 ( 3 ) ° ,  V = 9 3 9 .6X3 ; Dc = 1 .40  g.cnf3 ,
Z =  4 :  F ( 0 0 0 )  =  4 1 6 ;  sp a c e  - r o u p  P 2 , / c  (C3 ', No.  1 4 ) :
M - K a radiation, X = 0.710'fX,  M (H - K _ ) = 2.98 cm 3U U “
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Da La i ' o r  Dimethylsul phonium 1 , 2-diben2oyl-2— ( phthalimidoimino) ethylide
Crystal Data
C„,H _N O S, M = 456.52: orthorhombic,
26 20 2 4
a = 1 3 .5 4 8 (3 )2 ,  b =  2 9 .5 9 1 (5 )2 ,  c = 1 2 . 4 1 8 ( 2 ) 2 ,
V =s 4978.362^; T) = 1.30 tr. cm :^ Z — 8 with tvo molecules pere
4
asymmetric unit; F(000) = 2032; space ^roup P2^2^2 (D , No.19);
M
0
radiation, \  = 0.71072, ju (Mq - Kq^ ) =1.61 cm
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Crystal Data
^-^2 1^ ^ = ^21.95; monoclinic, 
a = 8.X57(.2)X, b = l6.74l(3)i, c = X5.859(3)£, (3 = X03.X5(3)°,
V = 2X08.86X3; Dc = X.33 g.on"3, z = 4; P(000) = 880; 
space group P2 /<r (03^, No.14); M - K a radiation, X = 0.7X07^, 
m !M0 - K a ) = 2.94 cm-1.
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Data for Dimethylsulphonium 1, 2-dibenzoyl-2- ( 2-j).yriciylimino) ethylide
Crystal Data
, M. = 388.49; monoclinic,
a = 8.092(2)X, b = 16.365(3)X, c = 15.068(3)X, (3 = 92.50(3)°,
V = 1993.4 9 & V  1) = 1 . 2 9  g.cnf3 , Z = 4; F(000) = 816;
space groud i'2./n: M — K a radi >tion,' \  — 0,7107.^.1" ' 0
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Data for Dimethvlsulphonium-2-(4-nitrophen.ylimino)-!,2~bismethoxy-
c a rb o n y  1 e t  hy I  i  4 e 
Crystal Data
C,.H N O S ,  M = 340.2: monoclinic,
14 16 2 6 ’
a = 9.698(1)X, b = 22.545(2)X, c = 7.744(1)51,
P  =  108.49(1)°, V = 1605.76X3 ; D^ = 1.41 g.crtf 3,
Z =-- 4; P(000) = 712; space group P2j/c No. 14)
Mg - Ka  radiation, 0.7114&, n  (M^ - ) = 2.23
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Data for Dimethylsulphonium-2— (3—ndtrophenylimino)-!,2-bismethoxy- 
carbonylethylide
Crystal Data
C,,H -N OS, M = 340.2; monoclinic,
14 16 2 6
a = 13.870(2)5, b = 8.522(1)5, c = 13.971(3)5, p = 105.47(l)°,
V = 1591.5553; D = 1.42 g.cnf3, Z = 4; F(000) = 712;
space group J?2^/c (C 2j1’ N°-14); ^Ctra^ia,tion» M (Mq “ ^<X ) =
X = 0.71145.
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Data fo r  D iterpenoid  I I
Crystal Data’
C 2 0^3 2 ^2 * ^ = orthorhorabic ,
a = 10.336(2)1, b = 24.230(5)1, c = 7.308(1)1, V = 1830.2013;
—3 4
Dc = 1.11 g.cm , Z = 4; F(000) = 672; space group No,1 9);
Mq - Irradiation, ix (M^ - Kq) = 0*65 cm \  \  = 0.71071.
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0  y 24 *  y L 3 2 1 4 2 2 3 1 7 ) 0 2 1 8 2 U 6 2 7 0
*+ 2 5 2 2 1 0 2 6 3 1 1 4 2 1 4 3 1 7 7
<+ - 4 4 5 1 6 0 5 9 9 1 0 5 1 4 2 2 8  7 i i O 1 3 1
6 1 2 5 1 3 0 1 d>d 3 6 2 2 7 8 0
0  y 2 6  y L 8 5 5 7 1 3 0 1 4 7 6 7 0 2 1 5
6 1 2 5 1 4 0 1 1
4 3 1 3 0 1 8 ( 5 l y 5 y L 7 8 1 7 2 1 7 6
0  y 2 7  y L 0 4 2 8 4 1 3 2 7  0 1 y 1 1 y L
1 1 5 5 1 5 3 1 6 4
2 1 7 2 9 9 0 2 2 3 7 2 1 9 2 0 3 0 6 6 1 6 3 5 9 0
3 5 0 5 4 7 4 2 9 1 1 3 4 2 3 7  7 3 4 3
i  9 0  » L 4 1 6 4 i  5 5 4 2 1 5 6 1 5 5 1 4 4
5 1 8 0 1 8 0 7 0 4 2 1 4 2 1 1 5
1 8 2 0 3 1 5 2 7 0 6 1 3 3 1 3 7 5 6 5 1 0 5 1 0 6 2 7 2
2 5 b 2 5 1 5 0 7 1 5 1 1 6 1 7 8 6 7 9 5 3 9 0
t> 2 0 6 2 0 1 9 0 7 6 8 7 4 3 5 7
6 1 1 2 1 1 1 1 8 0 1 y 6 y L
7 1 2 2 1 3 0 2 7 0 1 y 1 2 y L
0 1 6 3 1 9 5 2 7 0
1 y 1 y L 1 6 6 7 3 2 3 1 0 1 6 0 1 4 5 2 7 0
2 6 8 6 2 2 6 4 1 2 0 5 2 0 8 2 5 2
1 7 3 6 7 4 1 2 8 6 3 3 8 2 3 6 3 3 4  ' 2 1 4 1 1 4 4 8 4
2 2 2 6 2 1 6 6 0 5 2 5 1 4 2 5 5 1 1 5 1 0 3 3 4 5
3 4 5 5 7 5 2 6 1 2 7 1 3 2 3 4 5 6 6 6 9 6 2 8 3
4 1 6 0 1 6 8 2 0 5
5 6 5 5 7 8 7 1 y 7  y L 1 y 1 3 y L
1 y 2  y L 0 1 2 6 1 0 4 9 0 0 9 8 1 1 5 9 0
2 2 3 5 2 1 9 1 6 2 1 2 5 4 2 4 5 3 4 3
I 7 *+ 3 7 6 2 2 6 4 3 1 0 9 1 1 5 3 5 2 2 9 3 7 1 2 9 4
2 5 3 2 7 2 1 2 4 7 3 8 0 7 1 3 7 8 5 5 2 8 6
3 3 1 6 2 7 2 2 7 8 5 9 0 7 8 6 2 4 9 7 1 0 2 2 8 7
4 1 6 9 1 4 4 3 4 5 6 6 4 6 3 2 2 5
5 1 7 1 l o l 1 3 b 7 0 3 9 3 4 8
1 » 1 4 * L 1 * 21 * L 2 * 3 * L
0 nZ 98 40 0 ■ 3b 4-0 270 0 801 d/4 0
1 d e l 22 7 336 I 63 7 6 1 69 1 64 6 971 d9d deb 2 ~>4 i 42 2 159 io'^ 9(3 2 3 7b j o 2 1 o4
4 4b 84 11b 3 349 3o2 126
b 204 20 7 .24 1*22*L 4 245 236 218
o 44 73 344 b 264 2 d2 107
7 dO 84 292 0 11b d3 270 b 172 16d 6 b
7 do 4b 17
1 * 1 b * L 1*23 * L d 0 3 7 127
0 4  b 1 1 2 2 7 0 1 3 9 4 7 1 4 2 2 * 4 9 L
1 1 3 b 1 3 7 2 6  d
2 b 2 5 2 4 6 1 * 2 4 , L 0 1 8 3 1 7 6 0
3 l i b 1 1 5 1 1 5 1 2 8 0 3 1 1 6 7
4 1 7 4 1 7 4 2 5  j 1 4 b 7 1 3 b d 2 o b 7 d 2 9 5
/ 3 0 8 4 9 3 1 4 7 2 u b 2 6 3oo'XJ 
---1 9 L 4 2 b b 2 2 b 9
1 9 1 6 * L 5 7 9 6 7 5 5
2 3 2 3 4 3 4 2 6 1 6 1 1 6 0 3 4 4
2 l o 7 1 4 -4 i  O b 7 9 1 4 b 9
3 1 7 5 1 8 6 1 7 9 2  * 0  * L
2 * 5 * L
1 * 1 7 9 L ' 2 4 5 0 4 5 0 1 8 0
3 9 0 7 b 2 7  0 0 1 3 5 1 6 1 0
1 1 1 9 1 0 9 2 4 4 4 2 2 2 2 0 0 1 8 0 1 4 o b 4 d  7 6 3
2 1 5 6 1 6 8 3 0 8 5 8 4 6 2 2 7 0 2 4 1 8 4 2 8 1 5 4
3 1 3 5 1 5 3 2 4 6 8 1 8 6 0 3 7 0 d 8 2 2 6
4 4 5 9 2 2 7 7 9 1 4 1 7 2 7 0 4 2 5 8 2 7 8 2 1 7
5 9 2 9 9 1 6 3 7 7 1 8 2 1 3/•*
2 * 1 9 L
1 * 1 8 * L 2 * 6 9 L
0 2 3 2 2 5 4 0
1 1 U 4 9 6 1 5 4 1 3 d 0 3 8 7 5 7 1 3 1 8 3 1 2 3 2 7
2 1 6 9 1 8 0 1 4 2 2 1 0 5 1 1 2 9 0 2 1 6 5 1 7 1 8 8
3 1 7 7 1 8 5 1 5 9 3 1 2 3 9 5 1 5 9 3 1 9 9 1 8 4 1 7 5
<4. 1 3 3 1 2 0 8 1 4 1 6 7 1 6 5 2 8 6 4 1 8 9 1 7 8 6 6
6 5 3 5 7 2 4 9 5 1 3 9 1 2 8 2 3 5 8 5 8 6 2 7 0
6 2 3 5 2 4 1 3 3 6 9 3 1 0 7 3 3 6
1 * 1 9 9 L 7 " 4 7 6 2 3 5 5 7 1 3 0 1 4 6 2 2
0 6 7 2 7 0 2 * 2 9 L 2 , 7 9 L
1 1 7 9 1 8 4 1 3 1
2 6 8 7 0 1 5 2 0 4 4 0 4 8 8 0 0 2 3 1 2 2 1 0
3 1 5 2 1 2 9 1 1 7 5 0 7 7 5 6 1 1 2 6 4 2 3 9 _ 1 8 7
2 3 0 1 2 6 3 3 3 9 2 1 3 2 1 4 4 2 3 8
1 * 2 0  * L 3 2 0 7 1 8 1 2 9 0 3 1 1 3 9 6 8 7
4 3 5 6 3 4 6 8 2 4 1 7 2 1 8 9 1 5 7
1 5 9 6 3 3 2 5 1 5 3 1 5 2 9 7 5 1 0 2 1 0 8 1 9 8
2 9 0 8 7 9 7 6 1 2 4 1 1 8 3 4 8 6 1 0 3 9 7 2 7 0
7 5 5 4 2 2 5 1 7 1 3 0 1 3 5 2 8
6969 L 2  » 1 4 9L  . 2 t 22 9 L
1 1 7 1 2 1 1 7 b 0 1 4 7 1 5 0 1 6 0 0 6 5 1 0 2 0
C i> 1 o 8 i  7 2 1 9 b i U o 1 c 7 2 6  0 9 3 2 2 6
J ^  f > £oe> i  2 b 3 1 1 0 9 5 6  7 4 8 4 4 b 2 0 9
o V 7 6 4 2 6 6 4 2 3 9 2 3 3 1 6 4
- 5 6 0 7 5 3 3 6 2  9 2 3  9 L
*: 9 ? 9 L 6 2 6 7 2 1 2 7
1 8 2 8 6 2 3 2
(j 2 9 l 3 3 1 0 2 9 1 5 9L
i 1 9 6 1 6 4 6 6 2  9 2 9  * L
2 1 c  4 1 5 4 2 0 4 1 8 4 9 8 3 4 9
J o  i 6 1 3 1 0 2 1 5 7 1 3 c 1 4 2 0 0 5 0
4 i L+ 6 0 1 0 8 3 1 2 0 1 2 b 2 7 3
6 6 i 9 0 2 5 1 3 9 0 9L
29I 69L
* L 1 3 6 6 3 5 9 2 7 0
0 u <L 9 0 j i n / i  f l 9 0
U 4 0 3 4 2 7 0 1 1 4 5 1 3 3 1 9 3 5 1 6 0 1 9 1 2 7 0
1 4 8 6 4 2 6 1 6 5 2 1 2 0 1 2 6 2 5 4 6 7 2 6 8 0
j( 2 5 9 2 4 2 1 3 9 3 1 6 1 1 6 6 7 i 1 0 4 9  7 2 7 0
3 2 0 9 1 6 0 1 0 5 4 1 4 7 1 4 2 1 0 6
4 9 6 1 0 1 1 8 9 5 9 1 9 8 8 7 3  91 9L
6 7 0 5 6 3 0 6
* 2 9 1 7 9 L 0 5 5 8 6 1 0 9 0
2 - 1 1 9 L 1 2 5 4 2 8 4 2 0 2
0 7 9 7 9 i b O a 1 7 8 1 7 7 5 1
0 2 5 6 2 2 0 1 8 0 1 1 6 6 1 8 7 5 7 3 1 3 3 1 4 3 1 6 7
1 2 0 5 2 1 6 3 1 9 2 2 2 6 2 3 8 1 0 6 4 2 7 2 2 4 2 4 4
2 7 4 6 6 6 3 3 5 3 5 3 8 9 5 2 0 5 1 6 9 1 5 5
J 9  0 1 1 ^ 6 4 4 1 5 2 1 6 5 2 3 7 7 9 9 1 3 1 2 3 0
4 1 3 6 1 2 0 1 6 7 5 8 4 8 0 1 3 7
5 7 9 6 7 2 3 0 6 8 1 7 8 9 3 3 9  2 9L
6 b 7 7 0 1 6 0
2 9 1 6 9L 0 66 5 6 2 7 0
2 » 1 2  > L 1 1 9 2 1 6 1 3 2
1 9 8 86 3 2 0 2 3 3 7 3 1 4 3 2 8
0 2 9 4 2 6 7 0 2 9 8 9 7 2 4 7 3 3 0 2 3 1 1 1 2 2
1 1 /6 1 6 8 2 4 9 3 1 5 5 1 6 2 2 6 3 4 4 4 6 6 2 0 1
2 120 121 1 6 0 5 2 3 7 2 3 1 3 0
3 9 3 7 5 1 2 6 2  9 1 9 9L b 1 5 3 1 5 1 3 1 5
4 62 7 9 2 9 1 7 1 3 6 1 6 0 2 7 4
7 6 7 6 7 2 2 5 1 8 4 8 5 2 8 1
2 1 2 7 1 1 6 9 4 3 9  3 9 L
2  91 3 » L 6 3 2 6 3 3 1
0 4 2 6 4 5 6 9 0
0 4 7 5 6 1 8 0 2  9 2 0 9 L 1 3 0 5 3 4 5 2 6 2
2 1 9 4 2 9 2 6 7 6 8 3 7
3 l o d 1 7 6 6 1 3 7 6 4 2 b 2 4 3 0 d O 3 2 5
4 7 3 6 4 8 3 2 1 2 1 1 1 3 3 5 1 6 3 1 6 4 9 3
5 1 6 6 1 7 2 2 6 6 6 9 1 8 5 2 6 6 1 3 2 1 3 1 1 3 6
7 1 0 3 9 6 2 2 4
9 0 6 4 3 5 3
3  * 4 * L 3 1 5 5 1 4 3 1 3 2 1 4 1 1 3 3 2 8
6 1 0 6 1 0 5 9 4 3 1 9 5 1 9 2 3 5 0
i 862 2 6 3 8 4 9 8 1 1 5 6 4 1 0 4 1 1 6 1 0 3
2 2 1 3 1 1 7 i i  7 3 8
Jj 222 162 1 6 3 3 * 1 0 * L 0 d 2 6 0 4 2
<4 2^2 2 3 5 1 9 9
O 1 9 4 1 9 6 . 5 7 0 3 6 0 3 5 4 2 7 0 3  * 1 6  * L
7 i  u 5 9 6 2 8 9 1 1 1 5 1 2 6 2 4 7
2 8 7 8 2 3 3 9 0 9 9 9 4 9 0
3 * 5 * L 3 1 2 5 1 2 7 1 7 3 1 1 3 3 1 3 7 2 7 6
5 2 6 86 20  0 2 66 1 0 5 3 2
u 1 3 5 1 3 9 9 0 7 8 3 6 9 1 6 9 3 1 8 7 1 6 7 1 6 3
i 2 6 4 2 8 5 2 8 0 8 7 6 1 0 5 2 1 3 4 6 7 5 4 1 4 9
2 1 J d 1 1 8 3 3 b 5 9 4 9 4 2 4
3 1 5 0 1 3 1 1 0 5 3 * 1 1 * L 6 7 6 6 7 20
H 4 b 10 0 3 1 1
6 212 d U 2 1 7 7 0 2 0  7 201 2 ( u 3  * 1 7 * L
O 5  2 8 0 1 3 1 1 0 9 7 0 1 9 8
r 1 2 4 112 2 7 1 2 162 1 3 4 3 2 3 1 5 7 6 0 2 3 3
3 101 8 1 3 4 6 4 1 1 3 102 1 6 5
3 * 5 * L u. i l l 1 1 5 2 7 6 5 7 2 7 7 4 4
5 1 3 1 4 212
0 1 1 5 1 2 5 2 7 0 8 6 2 6 2 2 5 0 3  * 1 6  * L
l 1 5 2 1 4 7 1 8 5
1 5 7 1 6 2 2 9 2 ' 3 , 1 2 * L 0 5 6 62 9 0
3 160 161 9 7 1 9 2 102 2 8 2
5 1 5 2 1 5 0 1 9 1 1 1 3 1 116 1 9 1 2 9 6 102 3 4 1
6 1 1 5 1 1 5 2 0 9 2 1 2 6 1 3 9 2 5 1 4 9 1 6 8 1 9 7
3 6 3 7 1 3 0 0
3 * 7 * L 4 221 222 4 8 3 * 1 9 * L
/■ 5 1 4 5 1 5 0 1 5 6
0 1 1 8 1 3 1 9 0 7 0 6 5 3 4 1 6 3 60 2 2 8
1 216 2 1 9 2 6 3 2 7 5 9 5 2 9 3
2 1 7 0 1 7 4 2 9 6 3 * 1 3 * L 4 3 7 3 6 220
3 15 8 1 3 8 11 7 5 4 4 6 1 5 3
4 1 5 1 1 6 5 3 3 0 0 8 7 8 2 9 0
6 1 3 9 1 3 4 1 5 3 1 1 4 3 1 4 7 1 6 1 3 * 2 0 * L
2 4 9 5 4 2 5
3  * 8  * L 3 1 4 0 1 5 1 5 1 1 6 7 8 5 2 7 3
4 1 2 7 1 2 5 1 6 2 2 5 5 5 4 1 5 8
0 6 5 3 668 2 7 0 5 3 8 6 0 8 0
1 2 4 6 2 5 G 2 3 3 * 1 4 , L
2 3 3 6 3 2 3 1 9 7 3 * 2 1 * L
3 1 4 7 1 6 7 2 7 3 0 22 1 8 9 0
4 6 7 7 5 3 4 7 1 9 5 8 5 1 9 5 0 1 1 4 1 2 4 2 7 0
5 1 6 2 1 6 3 6 4 3 2 5 3 2 7 4 2 0 8 2 9 9 9 7 200
6 4 6 9 9 1 9 3 4 1 5 7 1 5 9 3 4 5
5 4 1 3 4 1 7 5 3 * 2 2 * L
3 * 9 * L 6 3 7 7 6 180
2 8 9 8 1 1 0 5
0 1 9 7 1 8 2 9 0 3 * 1 5 *  L 6 5 8 4 1 1 8 8
1 120 1 2 6 5 3
2 9 0 9 0 1 1 4 0 1 0 4 110 9 0
3 , 2 3 ,  L 4 1 3 4 121 1 7 9 1 100 9 3 1 9 3
5 1 9 4 1 9 2 1 2 7 2 1 9 2 1 8 3 2 5 7
2 4 0 5 3 1 5 9 6 1 3 4 1 3 2 6 5 4 6 7 9 7 2 4 3
7 9  b 9 / l d O 7 9 5 o  7 2 6 0
J  * 2 h , L
4 , 5 , L 4 , 1 1 , L
1 62 5 9 2 9 0
0 1 1 3 1 2 7 ldO 0 6 0 6 4 0
3 , 2 8 ,  L 1 221 2 0  7 4 0 1 1 8 3 1 9 3 3 2
2 1 5 9 1 5 0 9 6 2 1 3 6 1 2 5 1 7 8
3 3 4 ■21 1 8 5 3 100 8 9 2 7 0 3 3 3 3 8 2 7 3
5 2 8 2 2 8 9 1 3 7 4 110 1 0 7 3 2 2
4  ,  0  ,  L 6 8 0 9 6 4 6 5 7 1 9 4 88
7 9 5 9 3 3 4 6
0 4 2 0 4 3 7 0 4 , 6 ,  L
1 4 4 4 3 ^ 7 0 4 , 1 2 ,  L
J 2 5 7 2 3 5 9 0 2 3 3 8 3 4 6 1 / 6
H- i /<+ 1 / 5 0 3 9 2 6 7 £  o 3 1 10 b 101 5 b
4 2 3 3 2 3 5 2 4 7 2 202 202 22  8
4  , 1 * L 5 1 9 2 1 8 3 1 4 2 3 7 0 7 2 9 5
6 1 2 6 1 1 / 1 2 6 4  ' 1 1 6 1 1 7 1 3 1
u b 2 102 1 8 0 5 t iO 7 2 2 6 5
1 4 6 1 4 7 2 2 5 0 4 , 7 ’  f- 6 . 5 8 7 1 1 4 2
2 4 1 2 4 0 1 L 2 9 7 4 4 6 4 3 1 7
3 2 4 3 2 2 5 3 0 102 111 1 6 0
4 2 1 3 2 1 3 2 4 2 1 3 8 5 3 5 9 7 4 , 1 3 , L
5 1 3 8 1 6 9 2 9 1 2 7 7 8 3 5 6
7 9 1 8 9 1 7 2 3 68 6 9 1 5 3 2 1 2 6 1 3 5 1 3 6
4 221 2 4 4 3 1 2 3 1 3 9 120 2 2 4
4 , 2 , L 5 1 0 5 9 6 222 4 88 9 9 2 7 3
6 1 2 8 1 2 3 6 9 5 7 2 62 1 6
u 4 4 5 3 0 7 7 4 7 2 2 5 7 3 0 3 0 3 1 4
1 1 9 9 2 2 9 3 1 7
2 1 6 0 1 5 5 3 4 3 4 , 8 ,  L 4 , 1 4 ,  L
3 1 6 2 1 7 5 1 3 3
4 9 7 9 9 3 3 6 1 1 1 5 1 0 6 3 0 1 3 8 3 3 5 6
6 6 9 6 0 5 7 2 7 0 7 9 2 6 4 2 1 4 2 1 5 1 2 9 4
3 1 1 7 1 1 7 2 7 6 3 86 9 0 9 6
4 , 3 , L 4 9 1 7 9 2 3 2 4 1 6 4 160 5 3
5 8 3 7 1 3 4 8 3 6 3 5 8 2 8 0
0 3 4 8 3 6 3 1 6 0
1 2 0 3 1 9 5 3 1 2 4 , 9 ,  t_ 4 ,  1 5 , L
2 1 4 2 1 3 4 212
3 1 6 9 1 4 9 2 9 7 0 5 7 4 3 160 1 1 0 4 9 0 1 7 1
4 d 5 8 1 1 0 4 1 102 8 3 6 2 1 1 7 1 3 6 1 5 2
5 1 4 0 1 4 0 2 9 7 3 1 6 8 1 8 3 1 5 1 3 3 3 3 1 2 8 5
6 1 5 5 1 6 1 3 3 5 4 5 9 6 1 1 0 7
8 6 1 7 2 1 0 3 5
7
1 0 7
66
1 1 5
6 7
1 9 8
1 6
4 , 1 6 ,  L
4 , 4 , L 0 1 4 7 1 5 6 0
4 ,  1 0  , L 1 5 7 6 0 1 3 2
1 1 9 0 1 9 8 122 2 6 7 6 4 2 5 9
2 1 5 2 1 2 8 1 3 0 0 7 9 1 0 5 1 6 0
4  ? 1 6 * L 5 1 5 5 1 7 1 1 5 2 5 1 3 5 1 2 6 1 6 5
6 1 1 3 122 2 4 7 6 1 7 0 1 6 6 6 1
i+ 110 1 1 4 8 3 7 7 9 6 7 2 2 7
n v b 100 2 3 4 5 * 2 * L
b  * 6  * i_
4 * 1 7 * L U 9 2 122 2 7 0
1 2 9 5 2 9 2 1 8 3 0 1 1 9 1 4 3 9 0
0 4 2 3 2 U 2 1 9 1 1 9 3 2 0 9 1 66 6 4 2 4 1
i b B 7 7 2 3 7 3 1 4 6 1 5 9 2 b  0 2 1 2 4 1 1 4 2 7 7
2 b l 6 7 1 4 9 5 1 3 6 1 3 7 1 7 9 3 7 7 7 8 4 1
3 1 0 6 9 5 2 4 7 4 1 3 7 1 3 4 266
5 * 3 * L 5 1 4 9 1 4 5 1 7 8
4 * 1 8 * L 8 9 5 9 b 2 8 4
0 7 1 8 9 9 0 7 4 3 6 1 2 3 4
1 6 3 /0 3 b 1 2 5 9 2  7 8 1 9 6
2 7 5 7 6 1 6 b 2 1 1 3 l i e 2 2 3 5 * 9 * L
4 3 1 o 2 1 0 4 3 9 4 1 0 3 4  7
4 86 7 8 1 9 2 0 1 DO 1 4 0 9 0
4 * 1 9 * L 6 8 3 7 7 5 1 1 8 6 1 1 6 2 9 8
2 9 8 9 5 2 6 4
1 7 9 7 8 1 9 1 5 * 4 * L 5 1 0 5 1 0 6 3 0 3
3 1 4 9 1 2 / 2 b b
6 4 3 4 4 1 6 2 0 7 3 1 0 4 9 0 5 * 1 0 * L
1 5 3 4 7 2 7 7
4 * 2 0 * L 2 2 1 4 222 2 7 8 0 1 0 7 101 9 0
3 6 1 5 5 1 5 7 1 i  3 2 1 2 3 3 0 9
b 4 0 6 B 2 3 6 4 1 1 8 1 1 7 281 2 112 1 1 4 1 3 5
5 7 9 6 7 8 3 3 7 0 7 3 8 0
4 * 2 1 * L 4 1 7 2 1 7 2 3 3 6
5 * 5 * L
0 5 5 6 7 O' 5 * 1 1 * L
1 2 3 5 6 1 8 4 0 2 6 b 2 9 o 9 0
1 9 5 1 0 7 1 6 0 0 7 5 7 7 9 0
4 * 2 2 * L 2 8 5 9 0 3 2 0 1 66 4 3 3 5 9
3 8 0 8 0 7 2 2 4 9 5 9 1 2 7
0 1 0 9 1 0 3 0 4 2 0 5 1 9 7 1 6 9 4 121 122 1 2 4
1 4 9 4 8 2 3 3 5 1 3 6 i 4 5 9 4
2 7 5 7 8 1 0 5 6 1 1 8 1 0 9 3 8 5 * 1 2 * L
5  *  0  * L 5 * 6 , L 1 1 1 9 1 0 4 3 4 4
~r- 2 1 1 9 1 0 9 2 2 7
X 2 6 5 2 9 1 9 0 0 1 6 2 1 6 6 9 0 3 1 3 5 1 4 3 1 1 9
2 1 1 7 1 0 9 0 1 1 6 5 1 7 1 2 3 3 4 1 3 7 1 3 7 3 0 2
3 66 5 9 2 7 0 2 1 6 6 1 5 5 2 9 7 5 4 2 5 8 3 0 9
6 7 1 7 4 0 4 2 0 3 1 9 9 2 0 7 6 7 3 9 2 4 9
7 1 1 7 9 7 9 0 8 4 3 4 6 288
5 * 1 3 , l -
5  * 1 * L 5 * 7 * L
1 9 7 7 7 3 0 0
0 7 3 3 5 2 7 0 0 1 4 3 1 4 8 9 0 3 1 0 6 101 3 3 1
1 4 0 1 3 8 0 1 8 3 1 1 5 3 1 5 6 1 9 5
2 1 3 5 1 3 7 1 1 3 2 5 1 4 8 2 7 5
3 2 u 9 2 0 6 1 8 4 1 3 7 1 4 6 2 2 3
b  * 1 4 * L 5 , 2 4 * L 6 7 2 6 5
1 4  9 94 5 0 4 • 6 1 7 3 4 4 6 * 5 9 L
ID ( o 2 2  7
.3 ( 7 DC i b u 8  9 2 o  * L u 3 0 b 3 2 3
4 •3*2 9 d 3 2 1 1 7 6 6 b
D 8 2 6 7 6  b 1 4 5 3 6 2 7 1 2 9 9 6 6
4 1 5 3 1 4 4
5 * 1 5 * L b  * 0 * L 6 9 b 1 0 2
U i  u b 1 0 2 2 7 0 1 1 1 0 9 1 9 0 6  9 6  9 L
2 1 2 6 1 0 1 2 1 3 2 1 1 8 1 3 5 1 6 0
3 ■r>6 8 4 7 6 5 6 2 8 9 9 0 0 1 4 6 1 5 1
6 hO o O 2 1 6 6 1 2 6 1 2 5 1 8 0 1 1 4 1 1 3 1
2 4 9 4 7
5 * 1 6 * L 6 * 1 * L 4 5 0 5 1
6 83 6  7
7 OJ 2 7 0 0 1 0 8  9 0
6 7 9 6 6 i  7 1 1 5 8 7  b 9 6 6 * 7 9 L
2 1 9 7 1 8 0 6 4
5 * 1 7 * L 3 1 7 0 1 7 0 1 3 4 0 8 3 6 6
4 6 8 03 32 i 7 4 b o
0 4 9 6 6 2 7 0 6 1 0 3 5 4 6 4 2. 1 1 2 1 2 7
8 6 0 5 1 7 4 4 1 0 4 1 1 6
5  * 1 8  * L 5 1 1 2 1 2 5
6 * 2 * L D 6  7 7 0
0 ol 3 0 9 0 b 0 2 6
1 8 3 8 0 2 1 3 0 1 5 2 1 6 3 1 8 0
3 0 3 8 1 6 0 1 1 7 7 1 6 5 1 1 8 6 * 8 9 L
4 4 7 6 0 1 0 8 2 6 4 8 0 1 2 0
A 3 4 4 3 8 2 6 4 0 1 5 1 1 5 3
b  * 1 9  * L 4 o 3 9 7 1 6  i 1 7 5 6  9
5 7 3 8 6 3 3 4 2 1 2 9 1 3 1
0 3 8 4 2 9 0 6 0 9 2 3 1 3 2 4 4 6
2 6 6 6 4 3 4 9 7 5 9 5 6 1 9 3 4 1 1 4 1 2 5
5 3 5 9 1 5 9 5 6 7 9 5
b 7 1 7 1 7 6 6 * 3 9 L 6 4 6 5 4
7 3 3 4 9
5 * 2 0 * L 0 1 9 3 1 6 7 0
1 9 8 1 0 9 2 1 0 6 * 9 9 L
i 7 1 6 6 1 4 5 2 1 1 8 1 1 6 1 1 7
3 6 6 5 6 2 4 5 3 1 1 0 1 2 2 1 4 1 0 5 6 7 2
4 6 4 5 5 1 8 6 4 5 3 4 7 1 3 8 1 5 3 7 2
5 1 2 4 1 1 5 6 2 2 3 3 5 2
5 * 2 2 * L 6 3 8 4 7 6 3 1 2 2 1 3 4
4 1 3 3 1 4 1
2 7 3 4 3 3 5 2 6  * 4  * L 5 7 5 9 0
6 0 2 7
5 * 2 3 * !_ 0 2 0 1 1 8 9 0
1 2 3 4 2 2 2 2 2 3 6 * 1 0 9 L
3 3 0 1 7 13 2 81 7 2 90
3 122 1 3 2 3 0 0 0 7 6 90
5 1 0 6 1 0 7 2 7 0 1 102 97
2 6 9
0
34-2
1 3 7
273
6
0
4
6 7
78
268
0
331
139
214
169
230
i37
180
267
49
39
2 2 1
184
276
167
0
85
53
299
279
92
253
0
29 b
6 ,1 0 ,  L 6 , 1 9 ,  L 1 1 0 9 1 2 6 2 5 3
4 4 4 5 5 2 2 4
r' 1 - i b 1 4 4 1 4 b 2 ' 7 9 8 b 4 5 3 3 4<4 4 9 3 1 3
JS 1 71 1 7 b 4  b 0 1 3 8 r: 0 *+ ^ 4 4 8 8
6 0 • J 3 1  i
1 1 7 1 4 3 2 3 1 6 ,2 2 ,  L 7 , 6 , L
6 ,1 1 ,  L 0 3 5 3 0 0 0 1 7 8 1 7 2 2 7 0
2 0 1 5 3 0 6 1 7 1 5 8 1 9 3
0 i b O 1 5 5 0 2 2 3 4 6 2 9 3
1 6 b 1 8 6 5 5 6 , 2 4 ,  L 3 1 2 5 1 2 8 0
3 60 8 9 3 1 1
•4 76 8 4 2 7 9 0 2 8 2 b 0 7 , 7 ,  L
6 7 7 7 3 7 5
7 ^ a 4 b 1 9 3 6 , 4 5 ,  L 0 1 6 7 1 6 0 9 0
1 110 1 1 5 3 2 3
6 ,  i  a ,  L 0 81 s-6 0 2 1 7 0 1 7 4 3 0 6
j i b i i o i 3 4 4
u 6 9 6 7 1 8 0 7 , 0 ,  L 6 5 2 5 0 1 5 9
1 1 9 0 2 1 3 3 4 7£ 73 7 0 211 2 54 62 0 7 , 8 ,  L
3 1 9 b 1 9 4 110 3 8 5 112 9 0
6 6 5 4 9 3 2 9 0 - 5 3 5 9 9 0
7 4 4 3 6 2 7 1 7  , 1 ,  L 1 1 1 3 1 1 4 1 8 5
2 9 8 9 2 1 9 1
6 , 1 3 ,  L 0 9 4 86 2 7 0 3 111 1 1 7 3 1 4
1 7 0 73 1 8 /
0 66 8 4 1 8 0 2 6 4 5 6 1 4 7 7 , 9 , L
1 1 1 9 100 2 9 5 3 6 6 8 1 1 9 9
3 4 1 7 4 2 9 9 4 8 6 9 4 9 3 1 1 7 6 1 9 3 1 3 9
r 2 1 5 5 1 6 2 3 3 6
6 , 1 4 ,  L 7 , 2 ,  L 3 1 4 o 1 2 7 3 1 1
4 6 6 8 0 2 2 2
0 1 4 6 1 2 4 1 8 0 0 1 7 7 1 9 2 2 7 0 6 2 9 2 5 4 5
1 4 0 3d 3 0 2 3 1 2 9 1 3 0 20
5 4 2 4 8 1 6 9 4 1 3 4 1 2 5 22 7 , 1 0  , L
6 7 3 6 7 2 2 8
6 , 1 5 , L 2 1 3 2 1 2 9 2 4 5
7 , 3 ,  L 3 9 0 8 4 7
1 6 8 7 2 3 3 1 4 1 3 6 1 2 5 2 5 9
a 0 5 7 3 4 3 0 1 1 8 1 2 8 2 7 0
3 6 3 5 0 2 8 2 1 6 6 : 7 3 1 3 1 7 , 1 1 ,  L
6 4 0 3 3 8 8 3 5 4 7 3 2 3 4
5 1 0 6 102 1 5 4 1 1 1 6 1 1 9 2 2 4
6 , 1 6 ,  L 2 1 1 9 1 2 5 2 6
7 * 4 ,  L 3 1 0 9 1 3 1 1 6
a 1 4 1 1 4 5 1 7 2
3 1 4 6 8 0 0 2 4 3 4 4 5 2 7 0 7 , 1 2 ,  L
5 7 1 78 3 4 3
6 , 1 8 ,  L 0 1 0 9 1 2 5 9 0
7 , 5 ,  L 1 8 4 9 7 2 1 7
0 1 0 2 1 1 3 0
o 4 2 1 4 0 2 0 3 1 9 4 2 7 0
7,12 * L
> 79 7 b 211
r> 34 4  0
7*13 * L
(j lb8 16b . 90
1 0 4 94 209
2 bb 101 2 6  i
7,14 * L
0 87 79 90
4 43 38 71
6 88 61 6 d
/,1b » L
0 6 3 99 90
8 52 40 331
7 , 16 * L
1 95 97 286
4 0 3 0 261
7  * 1 7  * L
1 7 3 62 342
2 8 4 92 140
7  * 1 8  *  L
1 66 69 299
2 3 9 4 7 229
7  ,  1 9  *  L
3 6 4 3 8 1 8 1
7 * 2 2 * L
3 2 6 3 0 4 1
7 , 2 4 , L
2  0  8  2 0 0
8 * Q * L
1 9 8  1 1 2  2 7 0
3  4 - 7  8 0  2 7 0
4 1 3 5 1 6 0 0
5 9 5 9 3 2 7 0
0*1 ,  L
0 9 0 10 b 160
4 8 2 7 9 2 2 9
6 6 1 7 b 1 0 3
8 *2 * L
0 111 1 0 5 1 8 0
1 120 1 1 9 2 7 1
2 7 3 8 3 1
3 1 0 9 120 1 8 0
4 6 3 6 7 3 4 0
b 4 6 4 6 2 9 4
6 * 3 * L
1 8 7 9 1 2 0 4
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